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CALCULI AND OTHER STONES FOUND IN MAMMALS 


By CHARLES MILTON AND JosePH M. AXELROD 


This study began as a routine examination of a stony object—a so-called 


“deer-egg’’—which had been referred to the Chemical Laboratory of the U. S. 
Geological Survey for determination of its nature and origin. In the process of 
acquiring data concerning this specimen, it developed that little was generally 
known concerning such stones, and that a summary of the scattered and frag- 
mental literature relating to them would be of interest to zoologists, veterinar- 
ians, animal pathologists, students of the history of science, and perhaps others 
as well. A systematic examination by modern x-ray diffraction methods was 
made of all specimens of these stones that could be obtained; and thus, for the 
first time, has the exact nature of the several substances composing them been 


determined—not merely their chemical composition, but their crystallographic 


identity as well. In this way it can be shown, for example, that dogs and humans 
secrete stones of the same nature, which suggests the feasibility of using dogs as 
laboratory animals in studying the conditions of related human affliction. 

The methods and apparatus employed are the same as those used by Prien 
and Frondel (1947) in their study of human urinary calculi. As they describe 
fully the x-ray diffraction and petrographic techniques, no further description is 
made here. 

Calculi from deer—Recently an egg-shaped object, shown in Plate I, center, 
was brought to the Chemical Laboratory of the Geological Survey, United 
States Department of the Interior. It was described as a “calculus from the 
stomach of a white-tailed deer,” also as ‘‘a deer egg.”’ The history of this speci- 
men is given in a memorandum from its discoverer, Mr. George J. Ross, Park 
Ranger, National Park Service, which with kind permission of Mr. Edward 
Hummel, Superintendent, is quoted here: 

“On December 22, 1948, while on patrol of Jamestown Island (Virginia) the 
skeleton of a young white-tailed deer (Odocoileus virginianus) was found in an 
open field... . 

“Among the remains an egg shaped ‘stone’ was found, covered with a few 
traces of undigested stomach matter... . 

“Tt is quite possible that this formation is of the same nature as those which 
have been found in the stomachs and intestinal tracts of Rocky Mountain Mule 
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Deer (Odocoileus hemionus) ...it was found that Rocky Mountain Mule Deer 
often gather soil particles while at salt licks, which, in time, form a small ball 
in the stomach during the digestive processes. As a protective measure the system 
forms thin layers of mineral! matter about the ball until it becomes too large to 
be discharged through the intestines, resulting in death. 

“On the other hand, animal parasitologists have found that domestic animals 
sometimes set up a defense mechanism around a type of stomach worm which 
also results in such a formation. ...It (the stone) is the only one of its kind to 
come to our attention in this area.”’ 

Major T. C. Jones, Veterinary Corps, U. 8S. A., however, in commenting on 
worms as a possible cause of formation of these stones observes ‘‘I have been 
unable to confirm this statement and rather doubt its authenticity.’’ (Personal 
communication 

The specimen has the appearance and consistency of polished marble, with 
an olive-gray band running around the “egg,” the ends being very pale olive 
gray. The boundary between the lighter-colored ends and the darker middle is 
scalloped, with the convexity of the scallops embaying the middle darker zone. 
Irregular areas of lighter color are present in the middle zone. These features 
are clearly seen in Plate I, center left. 

The “egg’’ was sawed through, giving the longitudinal cross section shown in 
Plate I, center right. Examination with a hand lens showed that the light- 
colored ends formed a distinct layer, or cap; the structure of these two outer 
most zones, thinning to nothing as they approach the middle, can be seen in the 
photograph. The 


lark objec t in the center is & pecan nut Carya pecan) showing 
shell, meat, and papery septum perfectly. 

When the “egg’”’ was sawed open, a strong putrid odor filled the room, doubt- 
less from the decomposed nut. Later there was a slight shrinkage, causing three 
or four concentric stony shells to separate from one anothe1 

Petrographic study showed that, notwithstanding the evident color difference, 


all of the material forming the stony “egg’’ is essentially a single substance 


Qualitative tests indicate a hydrous calcium phosphate, which was verified by 
x-ray identification of the substance as brushite, CaHPO,-2H.O. Brushite is one 
of the less common compounds present in human urinary calculi (Prien and 


Frondel, 1947 


Although the literature does not in all instances state whether or not a foreign 
nucleus is present in the phosphatic stones from deer and other herbivorous 
animal , sucn from the specimens here deseribed would seem to be the case 


In phosphatic calculi from humans, Taylor (1842-1845) has described numerous 
instances in which calcification began on metallic objects introduced accidentally 
or otherwise 

Through the kindness of Dr. David H. Johnson and Dr. Henry W. Setzer of 
the Division of Mammals, United States National Museum, opportunity was 
given to examine similar specimens. Among these was the stone described by 
Burt (1942), which crystallized around a leaden bullet. Burt states that the 


stone consists chiefly of calcium phosphate with practically no carbonate and 
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trace of organic matter. This was verified, x ray study showing that the 


nee was as in the preceding specimen, essentially brushite 
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tricalcium phosphate; unfo.tunately, the figures of the analysis which he gave 
at the Southport Meeting are not given in either of the two published summaries 
of his talk. 

Calculi from guanacos.—An occurrence of two stones from the stomach of a 
guanaco was noted by Bullock (1929). They were highly polished; the larger of 
the two measured 33 by 29 mm. and weighed 32.1 grams; a small stick was in 
the center. No analytic data are given. 


Calculi from horses—In the collections of the Medical Museum, Armed 
Forces Institute of Pathology, are a number of surprisingly large stomach stones 
tron horses. These are shown in Plates I] III, and IV. Two of the horse stones 


have iron nails as nuclei, as is also the case in the stone of unknown origin de- 


: din the next paragraph. In composition, the horse stones consist of new- 
beryite and struvite; the stone of unknown origin consists of struvite and 
, ' 

Calculi from unknown large mammal \ stone of unknown origin from the 


United States National Museum, labelled T94627, from R. C. West, Selma, 


( ornia, was in two pieces when received (Plate III, upper). A longitudinal 


s n showed the stony deposition formed around small elongated mass 
nail?) of iron or steel. The stone may be from a horse 

his stone has a thin outer shell, less than a sixteenth of an inch in thickness, 

in color, rather than the pale greenish gray of the bulk of the stone. This 

shell consisted of struvit th less brushite vhereas the bulk of the stone con- 


1 of struvite only (NH,MgPO,-6H,.O). Prien and Frondel (1947) find stru- 





human urinary calculi generally associated with carbonate-apatite, 

( PO,, CQ;0H)(OH)., but it rarely occurs alone 
futton (1941) has studied two stones, which he terms enteroliths. One such, 
dely spherical, somewhat tetrahedral body about 2 ecm. across, weighing 
some 9 grams, had a concentric shell structure. A chemical analysis computed 
Meg, Fe, Mn)3(PO,)2-8H2O with MgO: FeO: MnO 424: .217:.042. Optically 
the substance agreed with the chemical analysis. He also cites an earlier 





inalysis of an enterolith from a horse, which analyzed to struvite, NHsMgPO,: 
6H.O, 84.6 per cent with 9.6 per cent of the bobierrite-vivianite molecules 

7 1842-1845) gives an analysis of a stone taken from an unknown ani- 
mi howing: diphosphate of magnesia, 56.86 per cent; diphosphate of lime with 


ace of oxides of manganese and iron, 7.00 per cent; water and animal matter, 
35.62 per cent; loss, .52 per cent. 

Another enterolith described by Hutton (1945) was re markably like that shown 
in Plate IV, upper, in shape, size, composition, and iron-nail nucleus. An analysis 
computed to the following with percentages: struvite, MgNH,PO,-6H,O, 86.5; 
bobierrite, Mg;(PO,)o-8H».O, 4.9; vivianite, Fe.(PO, -SH.O, 1.1; Mn;(PQOx,)o: 
8H.O, 0.5; organic matter, water, silica, 6.2. The animal it formed in is not 
mentions d, but a further analysis of a stone from a horse is given, which is not 
different in any significant particular. Hutton also in his paper cites struvite in 
guano, in tinned (canned) salmon and lobster, 


n ambergris, and in human lungs. 
Calculi from horses and mules (salivary).—Another type of stone is shown in 











146 JOURNAL OF MAMMALOGY Vol. 32, No. 2 


Plate II, upper and center right, and lower left. One such (U. 8. N. M. 49612) 
is labelled as having been taken from the mouth of a mule by W. H. Steel, M. D.. 
tockingham, N. C. Plate II, lower left, shows the internal aspect and the nucleus 
of the growth, a sliver of wood. X-ray study identified the stony substance as 
calcite, CaCO;. Two other similar stones are shown in Plate II, upper and center 
right. The nucleus in each of the three stones is a sliver of wood or straw. 

Calculi of this type are found in humans; thus, Kleiner (1948) observes: 

“The chief inorganic ions present (in human saliva) are K+, PO, and Cl 
with smaller amounts of Nat, Ca++, and SO,~. Some of these may combine to 
form insoluble precipitates ... ‘tartar’... consists chiefly of calcium carbonate 
and phosphate. Salivary calculi sometimes are found in the ducts and are similar 
in composition to tartar; namely Ca;(PO,). or CaCO;.” 

Calcium carbonate in any of its three polymorphic forms probably does not 
form in human urinary calculi, but all occur in gallstones according to Prien 
and Frondel (1947), who further remark that calcium carbonate concretions are 
said to occur in herbivora. 

Calculi from dogs.—Through the kindness of Dr. B. J. Berliner of the Berliner 
Animal Hospital, Washington, D. C., several calculi from dogs were obtained 
for study. The five specimens studied show a striking diversity of composition, 
consisting, respectively, of whewellite, CaC.0,-H:O, with weddellite, CaC.0, 
2H,0, and either struvite, MgNH,PO,-6H,O, or newberyite, MgHPO,-3H.0. 
The aspect of three of these stones is shown with clinical history in Plate I, 
upper and lower left, and lower right. One specimen included a dozen or more 
calculi composed of newberyite. 

Calcium oxalate monohydrate (CaC,0,-H.O), whewellite, and calcium oxalat: 
dihydrate (CaC,0,-2H,O), weddellite, have both been described by Prien and 
Frondel (1947) from humans. They cite the work of Nakano in 1923, who first 
identified these, and noted that calcium oxalate is the most frequent constituent 
of (human) urinary calculi. They discuss in detail the relations of the two oxalates 
and make the interesting observation that phosphates frequently accompany 
oxalate calculi, confirming the similar findings of Taylor (1842-1845). 

An opened kidney exposing a calculus is shown in Plate I, upper right. Major 
Jones has given us the following data concerning this calculus: 

“AFITP Acc. 203944 . . . from Dr. N. Bresslauer of Alexandria, Virginia . . . two 
year-old female English bull dog which has been sick for from two to three months 
with rather constant weight loss polyuria and polydipsia. Death occurred rather 
suddenly. The autopsy revealed a calculus in the right kidney, the kidney being 
severely affected and smaller than the left. Death was the indirect result of the 
renal stone.”’ (Letter from Raymond O. Dart, Brigadier General, U. S. Army, 
Director Armed Forces Institute of Pathology, to Charles Milton, February 20, 
1950; including report by Major T. C. Jones 

The stone is rather fragile, but could be sawed across. The outer few milli- 
meters are somewhat denser than the interior, which is rather porous, but evi- 
dently of similar material. X-ray study showed it to consist of struvite, 
MgNH,PO,-6H,0. 
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List of compounds forming calculi.—The composition, mineralogical and chemi- 
cal, of mammalian stony calculi is listed below. Capitals are used where x-ray 
study has positively identified the substance in question; small type is used where 
the identification rests only on chemical study. 

Calculi from deer: BRUSHITE, CaHPO,-2H.O; NewsBeryitE, MgHPO,-3H,0; 
“ammonio-magnesium phosphate (struvite?) and lime salts” “tricalcium phos- 
phate.”’ 

Calculi from horses (intestinal): NEWBERYITE; STRUVITE, MgNH,PO,-6H.0; 
struvite (“with 9.6% of ferroan bobierrite’’) 

Calculi from unknown large mammal(s) (horse?) (intestinal): srruvITE and 
BRUSHITE; ferroan manganoan bobierrite, (Mg,Fe,Mn);(PO,).-8H.O; “diphos- 
phate of magnesia”’ (bobierrite?) etc. 

Calculi from horses and mules (salivary, etc.): caLciTE, CaCQs3. 

Caleuli from dogs: WEDDELLITE, CaC,O0,-2H.»O; WHEWELLITE, CaC,0,-H;0O; 
STRUVITE; NEWBERYITE. 

Caleculi from hippopotamus: WEDDELLITE. Bannister, Hey, and Oakley (1947) 
have identified as weddellite, CaC.O,-2H.O, a calculus from a hippopotamus 
killed in Kenya, East Africa. It had the shape of an irregular, flattened ovoid 
body and measured about 8 by 6 by 4 em. They also, in their paper refer to 
the rare mineral weddellite as having been previously noted by them in dredg- 
ings from the deep water of the Weddell Sea (whence its name). 

Calculi from humans: Calculi from humans are fully described in Prien and 
Frondel’s (1947 monograph, and include whewellite, weddellite, struvite. brush- 
ite; also the calcium phosphates, carbonate-apatite, hydroxyl-apatite, and whit- 
lockite (none of which have been encountered in this investigation). On the 
other hand, newberyite has been found in many stones from animals, but is not 
reported from humans. 

General remarks on the occurrence and situatior of mammalian calculi. Probably 
the most extensive study of mammalian calculi ever undertaken is the two volume 
monograph of Thomas Taylor, published in London in 1842-1845. The first 
volume deals exclusively with urinary stones formed by pathological processes 
in humans. The second volume treats of calculi from numerous other parts of 
the human body, and contains extensive chapters on urinary calculi and biliary 
intestinal calculi, all from lower animals. Inasmuch as these rare volumes, kindly 
lent to us by Professor Frondel, are probably more or less inaccessible, data of 
special interest in connection with this present study are cited below. 

Taylor observes that urinary calculi are far commoner in man than in the 
lower animals and that those of the lower animals are much simpler, both struc- 
turally and chemically. They seldom contain complex organic compounds, but 
are rather earthy carbonates and phosphates. He lists the following substances 
as forming calculi: uric acid and urates; oxalate of lime; phosphate of lime; 
phosphate of magnesia and ammonia; mixed phosphates; carbonate of lime and 
magnesia. These substances occur in the monkey, dog, rat, rabbit, hog, horse, 
ass, ox, sheep, elephant, whale, eagle, ostrich, fowl, tortoise, iguana, and sturgeon. 
For the details of each individual occurrence, the text should be consulted. 
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Biliary calculi in oxen, sometimes in the gall bladder, more rarely in the intes- 


tines, consist of complex nitrogenous organic substances. 


Salivary ec: 


" leuli from the ass, horse, elephant, and cow contain essentially (80 
or 90 per cent) calcium carbonate, 3 or 4 per cent calcium phosphate, and a simi- 
lar quantity of organic substance. 

An extensive discussion is given of stomach and intestinal calculi (bezoars 
in Taylor’s monograph. He observes that their chemical composition, despite 
frequent attempts at analysis, has remained unknown; and asserts that “the 
true oriental bezoar consists of the insoluble organic acid W hich 1S deposited from 
an infusion of gall-nuts when exposed to the air... Ellagic acid,’”’ and further, 
“consists of a vegetable resin. ... Lithofellinic acid.’’ Apart from these, most 
intestinal calculi are, according to Taylor, mixed lime and magi 
phosphates, and oxalates. One specimen analyzed; CaCO, 43.55; CaC2O,, 34.30; 


CaSO,, 2.85; MgCOs, 2.34; with organic matter. Intestinal concretions occ 


2 2 Ir 
mostly in herbivorous animals, rarely in omnivorous, never in carnivorous. He 
has interesting observations on this point, namely, that the intestinal calculi 
of herbivore re composed of the various earthy salts, or other insoluble con 
stituents of vegetable substances, which are of less amount in animal than in 
vegetable food; and animal food is digested more or less in toto. He also cites 
the complicated stomachs of ruminants and the large size and length of the alli 
mentary canal in herbivorous animals generally as favoring the formation of 


calculus and being adverse to its expulsion Finally, he remarks that these a1 


mals usually stand on all fours when evacuating excrement, and thus the gut is 
horizonté li nd gravity do s not assist in the expulsion of the stone This, how 
ever, seems somewhat fanciful. C. M.) Finally, he notes that magnesium ammo- 


nium phosphate calculi (struvite) occur most frequently in millers’ and brewers 


horses; these animals are fed on grains and bra 


which are especially rich iz 
magnesiun 

Major T. C. Jones has commented (personal communication) concerning the 
stones from ruminants: ‘‘the records conc rning several of the stones taken fron 


l 
' 


ruminants indicate that they were found in the ‘stomach.’ The anatomic 
rangement and physiologic function of the forestomachs (rumen, reticulum, 
omasum) make it more likely that the stones were located in one of these struc 
tures rather than the true stomach (abomasum), which is the homologue of the 
stomach in other mammals. One would expect the reticulum and rumen to be 
the favored sites of these stones.” 

Pathological lithification in humans.—Frondel and Prien (1942, 46, and 47 
have investigated stony deposits in humans. They found that the principal 
constituent of bones and teeth is carbonate-apatite (dahlite) 3Ca3(PO,).-CaCOs. 
Pathologically, this compound is the principal inorganic salt in the calcification 
of tuberculous lymph nodes and subcutaneous hemotomata; in calculi from 
sublingual salivary glands; also, probably, in prostatic calculi and in tonsillar 
and pancreatic calcifications; and is a common constituent of kidney and uri- 
nary bladder stones. With struvite, MgNH,PO,-6H.0O, and another unidentified 
substance, carbonate-apatite formed a concretion taken from a chronically in- 
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albumen-like organic colloid; and a lamellar structure characterizes both mate- 
rials. Thus, ignition may remove the organic substance, solution in acid the 
inorganic; but in either case the remaining part is structurally the same. Indeed, 
this association of unlike substance extends not only to complex objects such as 
the calculi, but even to single crystals deposited from body fluids—as urine, e.g.- 
which are found to have an albuminoid framework. 

Turning especially to urinary calculi, Schade emphasizes that urine is to be 
considered as a fluid carrying colloids—normally urochrome, the urinary pig- 
ment substance, and mucous material; pathologically, albuminous substances, 
globulin, fibrin, and the like, in addition. Urine is thus characteristically a two- 
phase system, in which the concentration-relations of dissolved substances will 
be affected by boundary relations, i.e. adsorption phenomena. There will be an 
effective increase in concentration of the solute at the colloid interface, and 
simultaneously a corresponding decrease in the concentration of the solute else- 
where. Therefore, in general, the presence of a stable dispersed colloid phase 
(sol) will increase the solvent power of a fluid for any substance which the col- 
loid can adsorb. This explains the fact, long known to physiologists, that urine 
contains much more uric acid (or urates) than an equal volume of water can 
hold in solution. 

Inasmuch as it is on the interface that maximum concentration of the solute 
exists, it is here that precipitation, when it does occur in the system, will occur 
But with the precipitated crystalline phase, there will of necessity be entrapped, 
so to speak, the pervading colloid framework structure. For similar considera- 
tions, as soon as the conditions for the stability of the dispersed colloid phasi 
change, i.e. as soon as it coagulates, it will drag with it into its diminished 
volume its adsorbed crystalline material. Thus, whether one or the other sul 
stance—colloid or crystalline—ceases to be dispersed in the fluid system, the 
other must accompany it. Schade then discusses the diverse roles of reversible 


and irreversible colloids. The former characterize normal urine, and in them is 
no tendency to leave this normally dispersed state. Irreversible colloids, on th 
contrary, are present in pathological urine, especially fibrin or fibrinogen. It is 
these, which in coagulating, that is, ceasing to be dispersed, take with them 
adsorbed urates, phosphates, oxylates, etc., and thus form urinary calculi. 

By direct experiment with mixtures of colloids from blood and urine, with 
inorganic salts, Schade prepared stones having all the essential characteristics of 
natural calculi, with one exception—the lamellar structure. This arises from 
intermittent growth of the stone in the organism; whereas the synthetic stones 
were deposited in a single continuous period. 

In summary, the formation of stony substances in living organisms is not at 
all a simple matter of precipitation of inorganic salts, but inasmuch as these 
stones form from body fluids which are invariably colloidal, it must be viewed 
from the standpoint of colloid chemistry. 

Schade (1923: 356) also briefly refers to the import of his work in inorganic 
Nature: the formation in springs of oolites, pisolites, having concentric struc- 
tures, and consisting likewise of a colloidal and crystalline substance, hydrated 
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jron oxide and/or silicic acids, and calcium carbonate respectively. By escape 
of carbon dioxide the calcium carbonate precipitates, bringing with it the col- 
loidal component of the solution. 

Hair balls (trichobezoars) and phytobezoars.—Brief mention may be made of 
two other classes of distantly related objects, represented in the National Mu- 
seum collections. One is “‘hair balls,’’ spherical accumulations of densely matted 
hair (trichobezoars) forming a felt. Usually they are covered with a skin of 
leathery consistency; they may be two or three inches in diameter. They are 
formed from hair swallowed by the animal (usually a cow) in licking its hide. 

The other class consists of similar aggregates of vegetable fiber (phytobezoars). 
Harris (1949) has recorded the case of a mouse whose stomach was almost com- 
pletely filled with three phytobezoars, composed mostly of vegetable fibers and 
fragments (apparently similar to bits of peat moss, perhaps from the litter of 
the floor of its cage). The mouse died several months later, aged 43 years; its 
health apparently was unaffected by the presence of the food balls. 

Swallowed stones.—Still another class of stones found in mammals are inor- 
ganic mineral aggregates, pebbles or cobbles whose source and history are mat- 
ters of geological rather than biological processes, at least prior to the time 
the stones entered the mammal by the act of swallowing. Specimen 59158 from 
the U. S. National Museum comprises 10 light-colored pebbles, fairly well 
rounded, some well polished, others rough, up to 25 inches in diameter. They 


consist of light-colored varieties of hard granite rock. They were taken from 


9 
the stomach of young sea lion, three or four months old, with nothing else in 
stomach,” near Monterey, California. It is thought that the animal may have 
swallowed the stones along with shell fish adhering to the sea floor. There is no 


trace of any organic deposit or other alteration in the original aspect of the 


Also from the U. S. National Museum, there is a rather large block, three 
pounds in weight, approximately 5 by 4 by 23 inches in size, consisting of hard 
thinly bedded shale. It is angular, not rounded, except for a slight beveling of 
the edges. This was taken from the stomach of a sperm whale. These toothed 
whales feed on giant squids, and it is possible that such a squid was devoured 
while clinging to this rock. Like the stones from the sea lions, this cobble shows 
no sign of st condary organic deposits 

Glossa \ number of terms have been applied to stones from vertebrates. 
\ summary of these may be useful 

From humans: gallstones, kidney stones, urinary calculi, uroliths, etc. These 
are dealt with in medical literature 

From birds: gizzard stones. These are swallowed, presumably to grind food. 

From carnivores (sperm whales, sea lions, etc.): Swallowed accidentally. 

From ruminants (deer, goats, etc.): gastroliths, bezoars, bezoar stones, also 


lled madstones 
From horses, mules: enteroliths, salivary gland (Steno’s duct) stones. 


Stromatolites (water biscuits There is still another class of objects, unaware- 


ness of whose true nature may possibly lead to confusion. These are ovoid con- 
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cretions, chemically calcium carbonate. Superficially at least they suggest the 
stones of animal origin already described; yet they are totally unrelated, being 
secretions of a low form of plant life, algae. They are variously known as stro- 
matolites, cryptozoon, collenia, gymnosolen, etc. etc., and, colloquially, as 
water biscuit. Commonly, but incorrectly, they are referred to as calcareous 
fossil algae; however, although of organic origin, being formed by the normal 
metabolic processes of lime-secreting algae, they are neither organisms nor parts 
of organisms. Other than a lamination, with or without dendritic growth radi- 
cally, they are structureless. These stones occur from pinhead size through 
knobs or warty masses a yard or more across, up to so-called bioherms miles in 
extent, resembling coral reefs. As they are formed by the vital processes of 


fa 
form of vegetable life—blue-green algae for the most part—sunlight is necessary, 
and they can therefore be produced only in comparatively shallow water. Papers 


dealing with these objects are listed in the bibliography (Cloud, 1942, and Howe, 
1931 

Bezoars and madstones.—The term bezoar is from the Persian signifying 
antidote to poison, which is also the significance of the English “‘mad stone’ or 
stone against madness, i.e. rabies. Originally it was applied to concretions 


found in the intestines of goats, Capra aegagrus, whence the name aegagropila, 


meaning goat ball. The term bezoar, originally applied to hair balls, becam 


I 


extended to include numerous other concretions found in animals. Taylor (in 


Thorp, 1912) lists nine varieties of concretions, as follows: phosphates of cal 
cium, of magnesium, of ammonium and magnesium; oxalate of calcium; vegs 
tabl bei nimal hair; ambergris; lithofellic acid; ellagic or bezoardi 
“True’’ bezoat accordin to Thorp 1912) are oriental, occidental, and Gern 
Che fir re found in goats, gazelles, and other ruminants, and consist of cor 
centric la‘ roun lowed nucl tl re found 
lan cun lhe oriental bezoar ccordir O re composed ¢ 
litho cid (CopH 360 nd are llstor he { ntal bez 
é ntiall hosphate Lastl the German bezoa1 esse! lly uw 
veg ( mal hairs (1 halls) wit eathe oy n 

\ l! ‘Our 0 / one sy I I 1) V B { 193! I 
mentio! high! lued Indiar hog bez | nh ce LOO Te I ni 
lan | t 765, he ' ! dere« CZOAl ere highly regarde ure 
medici nace being taken internally fe indice, intest orm 
plas uf melancholy, . and cance r. It classic use¢ WAS ¢ an antidots to noisonin 
and richly adorned bezoars were in common use in the princely houses in Euro 
during the later middle ages. They were used to dip into wine, or to touch foot 


that might have been poisoned, : nd thereby neutralize the poisor 


The “Oriental bezoars” in former days, and up to recent times, were great! 


yrized for their supposed curative powers. It is recorded Thorp. 1912) tha 
} Pp} | | 
in 1808 the Shah of Persia sent one to Napoleon, as roval gift befitting on 


monarch to send to another. Also, among the treasures of the royal house of 


Hapsburg, recently exhibited in Washington, along with the paintings of Van 


Dyke, Rubens, etc., is a masterpiece of the jeweler’s art, namely a bezoar ex 
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quisitely ornamented in gold and precious stones. This, presumably, was for 
use at the royal table, to counteract poison in food and drink, rather than for 
use as an antidote to the effect of animal bites. 

Interesting data on the fairly recent use of madstones in this country are 
given by Elizabeth Hayward (1940), who notes that in 1905 many people in 
Philadelphia still had faith in their use against rabies: in 1933 the Warren 
County, Tennessee, TIMEs offered one for sale. In Texas, a stone brought $250 
in 1879. However, in 1940, when the note by Hayward was written, no speci- 
mens were available in the American Museum of Natural History, in New York 
City; nor did the Acad my ol Medicine; nor did Dr. Raymond Ditmars, Curator 





the Bronx Zoo, or any of the oldest veterinarians of the city know of any. 


The term bezoar was also applied to an althogether different substance, anti- 
monv trioxide. by O. Croll or Crolliu 1580?—-1609):; the same substance was 
termed ‘“‘bezoardecium minerale” by J. R. Glauber (1604-1668) (Mellor, 1921) 

{ nt Acknowledgments are made to Dr. Roland W. Brown, 

leontologist of the Geological Surve' ho kindly identified the pecan nut and 

rnished data concerning these stones; to Drs. D. H. Johnson and H. W. Setzer, 
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LOCOMOTION IN KANGAROO RATS AND ITS ADAPTIVE 
SIGNIFICANCE 


By Grorce A. BARTHOLOMEW, JR., AND HERBERT H. CASWELL, JR. 


Bipedal locomotion has developed independently in several mammalian 
groups. Among placentals the greatest number of bipedal forms have appeared 
among those rodents which are primarily associated with desert conditions. In 
the new world a conspicuous example of the development of bipedalism in des- 
ert rodents is offered by the kangaroo rats of the heteromyid genus Dipodomys. 

Aside from the discussions of kangaroo rat locomotion included in the thor- 
ough anatomical studies of Hatt (1932) and Howell (1932), there has been little 
descriptive study of the highly specialized locomotion of these rodents and the 
material which has been published has been based almost entirely on visual 
observations or the analysis of tracks. The present study was undertaken in the 
hope that through the use of high speed photography we could amplify and pos- 
sibly clarify previous work. 


Although our paper is primarily concerned with an analysis of locomotion, 


othe aspects ol behavio1 closely associated with locomotor adaptations are 
ncluded. In the two species studied, locomotor patterns, although similar, are 
not identical. The differences as well as the imilarities will be discussed. 
Vaterials ar methor Che animals used in the present study were Dipodo- 
mys panamint mohaver and Dipodomys merriami merriami. The animals 
re captured in the vicinity of Lovejoy Buttes in the Antelope Valley of the 


Mohave Desert, Los Angeles County, California, during the fall of 1948 and 
the winter of 1949. The traps were placed in level sand among creosote bushes 


and Joshua trees and the two species were captured in approximately equal 


[he captive animals were kept in cages in a dark room and supplied with 


sand, grain and water. It Was necessary to } ouse the Dipodomys panaminiinus 


individually because of their pugnacious habits, but all of the Dipodomys mer- 
rami wert placed together in a single large cage. 


Locomotor activity was studied by observations on voth wild and captive 
animals, and by high speed photographs of the latter. In our photography we 
made no attempt to use triggering mechanisms, relying on chance and a large 
number of pictures to give us the poses we needed for analysis. This method 
gave us many incidental pictures of types of behavior other than locomotion. 


Photogr: phs were taken from a distance of 28 to 30 inches in order to obtain 


an optimum combination of image and field size. The latter had to be kept as 


} 


possible since the major technical problem pro ed to be the discrep- 


ancy between the reaction times of humans and of kangaroo rats. An electronic 


flash tub sym hronized with the camera shutter gave an effectiv exposure ol 
1/5000 of a second at f/18 which was sufficient to stop all the animals’ move- 
ments. The flash gun was mounted on the wall of th glass-sided cage, with the 


reflector inside the cage to eliminate reflections from its glass walls. Aluminum 
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foil was utilized as a supplementary reflector. Pictures were taken on Ansco 
Supreme film with an Argofler camera equipped with a 1+ diopter Portra lens. 
The line drawings used to show the sequence of movements employed in the 
various types of locomotion are tracings from photographs. 

The newly captured animals did not behave normaily with regular room jl- 
lumination, so after focusing the camera and marking the edges of the field of 
view, illumination was reduced to a few hundredths of foot candle prior to the 
actual picture taking. By removing the animals to one end of the cage ar 


providing a burrow at the other end we could ensur their moving across the 


camera field when frightened. Fo recording slow locomotion. we simply waited 


for them to move of their own accord across the field covered by the camera. 


Some of the most spect cula results were obt ned by pl ng animals of tl] 
two spe ogether for this brought about greatly increas: 1 activity 
RESUI 

Loco n in Dinodon ho } } ' ed. f readilv int f¢ 
m ns. WI ndisturbed, the sl moving ai travels by auad 
ruped ng ) pping, « i ng. When n ne} ( 
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nm axtension the his hich bri n essentiall tis 
tio mo t] n O , b 0 directly o } 
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to tl ro i (J gy. it \ | show! l I ig 14 tl ni ree don yf 
ways | the groun ex lv t n m | ! \ainder of ti ) 
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beneat] the ody 1 hil the o} Is Supported bv ti ai t teet Figs 1D na 
1E); sometimes only one of th front { , Pl. ] Che hind feet f 
contact tl ground, with the heels almost in lin { the fror feet (Fig. 1] 
which move ¢ udad as the hind legs are dr; wn torwart Ch ( | lenct} of the 
hop thus is approximat: the length of tl inimal’s bo r} nimal then lifts 


the front feet from the o yund and moves them forward ur 
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same time beginning to lift the heels for another hop. At this stage the body is 


again almost horizontal and the back has again straightened from the extremely 
fiexed position it assumed while the hind legs were being swung forward under 
the body. The tail seems to have little function in this type of locomotion re- 
maining more or less limp throughout the hop and its terminal portion drags on 
the ground. 
S bipedal locomotion.—Although for leisurely progression, Dipodomys pana- 
(a7 almost always employs quadrupedal locomotion, Dipodomys merriami 
pically, but not invariably, progresses by a series of short bipedal hops. Slow 
edal locomotion is essentially the same in both species. The following descrip- 
n, however, is based on photographs of Dipodomys merriami. 
he front legs are pressed against the ventral surface of the head and neck 
ly that they are often invisible and have no apparent function. Propulsive 
upplied by the hind limbs, pel nd associated muscles 
| eries of movemer involved in sl bipedal locomotion is shown in 
I Starting fro resting position in which the body is horizontal and the 
orne entire by the hind fo the whole length of which is in contact 
he ground, the movemer he hind legs is the same as that described for 
( ocor n. In this case, |} r, the movement of the hind legs 
’ t hir } } , hich thus 1 int ns 
n al ( nd mover vard (Figs. 2A 
ss : : fted 
i tad 
| Y and 2E). By thi 
] } 
rT I 
h. ' +} 
, fort locon n 
: = , ent cl f the ground 
j A 1+} 1 1] ‘ ¥( n¢ ) n Din ) con 
ops, not infrequent] hen feeding or when ex 1, the animals walk 
e movement t] nd liml 
Wi ing its front feet to s through the nd, apparently isolating food 
ns uuch, the animal shuffles along on its hind feet. The entire plantar 
surface of first one hind foot and then the othe flat on the ground and the re- 
xed ti drags loos« ly behind. This is true walk in that the feet are moved 
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alternately. The belly remains close to the ground and the chin is perhaps one- 
quarter inch above the substrate (Pl. I). Its foraging activity consists of alter- 
nately gleaning in this manner and using quadrupedal or slow bipedal hopping 
to search more widely for favorable sites. Thus, in contrast to the old world 
jerboas (Hatt, 1932: 627), horizontal movement by walking rarely covers more 
than a few inches. 

On three different occasions during our observations we saw kangaroo rats 
executing what was practically a two-footed dance, each time under conditions 
of excitement but not alarm. The animals stood up with their hind legs almost 
fully extended and heads high in the air and executed a series of several dozen 
high, prancing steps, without moving horizontally more than three inches. Each 
kick lifted the animals about an inch off the ground. 

Occasionally when approaching an object several inches above the ground for 
purposes of examination, the animal rears to the position shown in Pl. IT and 
then walks a few steps towards it. 

Fast straightaway bipedal locomotton.—When a kangaroo rat is in a hurry, but 
still unfrightened, its locomotion takes the form of a series of long bipedal leaps. 
As is obvious from an examination of Figs. 2 and 3, this form of locomotion 
differs from slow bipedal hopping mostly in a quantitative way. In fast bipedal 
locomotion each leap is higher, longer, and faster. Our observations on this type 
of locomotion were made on Dipodomys merriami and in this species the leaps are 
of the order of one to two feet in length while the maximum height attained by 
the axis of the body is from three to eight inches. The front legs play no appre- 
ciable role, being carried closely applied to the chin. In fact, during both slow 
and fast bipedal locomotion the captive animals would use the front paws to 
carry such objects as large winged seeds or meal worms. All the propulsive effort 
comes from a violent simultaneous kick of the hind feet (Figs. 3A, 3B and PI. I 
The adduction of the pelvis to the trunk, the extension of the legs and the 


iOr- 


ward reach of the feet in flight preparatory to landing are very marked, the toes 
being carried forward almost to the tip of the nose (Fig. 3C). The hind legs are 
then swung strongly downward and backward, the toes striking the ground at a 
point below the middle of the rodent’s body and lifting the animal forward and 
upward in another leap (Figs. 3D and 3E). Throughout the leap the axis of the 
body remains roughly horizontal, but in the descent it is often inclined down- 
ward anteriorly. 

In the action of the tail there is an obvious qualitative difference between 
slow and fast bipedal locomotion. In the latter most of the tail is quite rigidly 
extended in line with the body axis, and is flexed sharply upward only at the tip. 
This flexion gives the flag of long hairs at the tip of the tail the appearance, 
and perhaps the function, of a rudder. 

Erratic bipedal locomotion. By far the most spectacular of the locomotor 
activities of the kangaroo rat is the rapid series of erratic and unpredictable 
zigzag hops which it initiates when attempting to escape. Howell (1932: 386-387 
has described these activities in considerable detail on the basis of visual obser- 


vations. We feel, however, that through the use of high-speed photography we 
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are in a position to amend and modify Howell’s interpretations. Howell’s sug- 
gestion that the success of the kangaroo rat’s escape reaction depends not on 
high linear speed, but on unpredictable course and trajectory, is undoubtedly 
correct. His assumption, however, that this erratic quality is due mainly to the 
animal’s failure to maintain its equilibrium between consecutive hops does not 
appear to us to be justified. During our investigation we were able to obtain 
over 100 photographs of locomotion and in only one of these did the animal ap- 
pear to be making an unbalanced landing. In this instance, the animal, in 
attempting to avoid a belligerent individual, had fallen from the photographic 
back drop which it was unsuccessfully trying to climb. Even when dropped 
from an upside down position a mere foot above the substrate, the animals 
were able to right themselves almost instantly and make a controlled and bal- 
anced landing. The captive Dipodomys merriami were kept in a glass-sided cage 
measuring 6 x 4 x 24 feet. When a half-dozen or more freshly captured animals 
were placed together in this cage, there not infrequently followed a perfect 
frenzy of powerful, excited, erratic hops during which the animals very commonly 
crashed into the side of the cage with heads or shoulders and bounded back on 
to the sand in the bottom of the cage. Apparently they always made balanced 
landings for they immediately leaped again in a perfectly controlled directional 
manner. 

Moreover, after they had become accustomed to the cage, the animals would 
often leap from the sand to one of the walls, rotating their bodies so as to strike 
the wall with their hind feet, kicking off immediately to bound diagonally across 
the corner of the cage to strike and rebound from the adjacent wall in the same 
manner; finally to land on the sand in perfect balance. 

In three photographs we were able to obtain pictures of animals shifting their 
balance while in the air preparatory to a change in direction in the next hop 
(one of these photographs is shown in PI. II). In none of these is there any indi- 
cation that the change in direction is not under deliberate control. Perhaps the 
following field observation may be an even better indication of this fact than 
the foregoing. By the light from a gasoline lantern we were chasing a kangaroo 
rat which was evading us with typical erratic leaps. At one point one of us 
managed to get just behind the animal as it leaped, and was able to observe a 
remarkable example of control and rapid change of direction. At the end of a 
leap the animal landed just beyond the entrance to a burrow which was at right 
angles to his line of flight and about a half-foot to the left. Apparently the ani- 
mal saw this refuge as he passed it, for without hesitation he leaped again, 
making a more than 90 degree turn and dived into the hole, which was just 
barely large enough for his body. Obviously such a feat would be impossible if 
changes of direction were due to loss of control rather than a perfection of con- 
trol. 

From this evidence we conclude that the sudden and unpredictable alterations 
in direction of movement employed by Dipodomys panamintinus and Dipodomys 
merriami when attempting to escape are due not to loss of balance and control, 
but to the remarkably developed ability to maintain equilibrium at all times. 
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Howell (1932: 387) suggests that 12 feet would be a maximal leap for any of 
the kangaroo rats with a proportionately shorter distance for the smaller species. 
The longest leap which we observed was made by a captive Dipodomys merriami, 
one of the smallest species in the genus. From a resting position in the cage pre- 
viously described, it leaped 5 feet horizontally and reached a height of slightly 
over two feet. Leaps of three to four feet were routine and there is no reason to 
think that leaps of seven or eight feet or more are not possible in this species. 

Quite frequently a suddenly startled kangaroo rat, rather than immediately 
initiating its erratic flight, will react first by leaping vertically into the air once, 
or even two or three times. A slight unexpected noise may cause a vertical leap 
of only an inch or so while a greater disturbance can result in a vertical hop of 
as much as two feet. 

This almost instantaneous vertical leaping has obvious survival value as a 
means of avoiding sudden attack from other animals. Although we have had 
no opportunity to observe attacks by predators, we have repeatedly seen verti- 
cal leaps successfully used as avoidance reactions in intraspecific contacts, of 
which the following is an example. A quietly feeding Dipodomys merriami was 
foraging directly in the path of another Dipodomys merriami which was hopping 
along close to the ground at high speed. Just as collision seemed inevitable, the 
foraging animal bounced vertically into the air and the rapidly moving animal 
passed beneath it. The animal which had leaped into the air landed in the spot 
where it had been foraging and resumed its feeding as if nothing had happened 

The approach of a kangaroo rat to an unfamiliar object, such as a shadow on 


animal a foot int 


the cage floor, often resulted in a leap which would 


the air and about the same distance backwards. This leap would be followed by 


another approach and second upward and backward hop. This performances 
might be repeated a half-dozen times before the animal continued on its 

Climbir Despite the fact that they are highly modified for bipedal locomo 
tion ngal I I | ble to climl though perh S m { kw rdhy I I 
other | Y lized rodents. Frequently in chasing these animals on the desert 
ve have seen them jump close to or into the base of a small bush, climb rapidly 
to the top and leap off in a different direction. In captivity the two spe 
which we studied differed in their willingness to climb though apparently not in 
climbing apdluty. D po LomyY nrerrian climbs a orten and on small pro\ ocation, 
while only ‘ly did we see Dipodomys panamintinus climbing. In pictures of 
this activity the elongated hind legs make the animal appear slightly awkward, 
but tl method of climbing apparently differs in no essential wa) from that 
used by any other small rodent 

Posture Plates II and III show a type of bipedal stance used by Dipodomy 


panamintinus when not feeding. In our experience this stance is employed when 


the animal is searching, scenting water, or is alert and suspicious. The latter 


condition in our cages was always the result of placing another animal in the 


Ci 


but more often crouches in a flat-footed position similar to its feeding position. 


Use of tail——The tail of the kangaroo rat is an integral part of its locomotor 





ge with one of this species. Dipodomys merriami occasionally uses this stance, 
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adaptations. When reaching for objects overhead, the tail is used as a prop which 
gives the animal an effective tripod base (Pl. II). It is also exceedingly impor- 
tant both passively and actively as a balancer. Its use in fast bipedal hopping as 
a positional balancer has already been mentioned. As previously described it is 
usually extended rigidly behind and turned up at the tip. Occasionally, however, 
in very powerful high leaps the tail is swung forward over the back and this 
movement probably serves to counteract any tendency of an unusually violent 
kick of the hind feet to cause the animal to somersault (PI. II 

To test the importance of the tail in the maintenance of equilibrium in kanga- 
roo rats, we cut off the tail of a Dipodomys merriami and kept the animal under 
observation for several days. In slow and medium speed bipedal locomotion 


the removal of the tail had no apparent effects despite frequently heard state- 


ments to the « ontrary. The animal, however, seemed reluctant to attempt long 
or h oh leap and on the one occasion hen su | l leap was observed about 24 
hours after the operation), the animal turned a complete forward somersault 
and landed off balance, but on its f 
When the animal is dropped from an upside down position the tail is flailed 
round vig ish) he ro nal momentum rently reacting on the body 
and righting the animal. If the anim: merely held upside down, the same 
ling reaction occasionally takes pla nd the rotation produced on the body 
[t seems likely that the tail serv : lancer both by virtue of its position 
l mic action. With sucl mobil nd versatile balancing device 
»! I pat Dik I I rol ni he midst of its 
n é c | I ee loco! on frequently 
LK d 
I mo nte1 ( e social rel ynships of 
( is the ( ' shting. Of tl ) species 
| . 23 na I ell rent. Fig invarl- 
l \ I re inl! ) ( cl seiy con ined 
1} | \ I S pec | nder 
ys | of ther l e sam peace- 
9 ie! ( 1 outside the next box while 
re [oraging \\ ner ti LWo species ert yl ae | Log ther D poaomy pana- 
i l ly was dominant and t ly aggressive. D podomys me Tami, 
on the otne ind, often tried almost frantically to : id any contact with the 
| sn 
uch the results of aggressive beh: r wel ften fatal, fighting was not 
nuous, but consisted of brief, vigorous skirmishes interrupted by periods 
lrawal 
[ypically, skirmishes were prefaced by postural threats in which the animals 
confronted each other in an elevated bipedal stance with eyes squinted or 


closed (Pl. ITT). Apparently no vocalization accompanied these threats. 
Various methods of fighting were employed. (1) One or, more typically, both 


of the contestants would lean into the air and, with their bodies more or less ver- 
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tical, kick outward and downward at each other with their hind feet. We did 
not at any time see them kick backward as a horse does. (2) Very frequently one 
animal would leap forward and butt the other with its head or shoulder, often 
bowling its target completely over. (3) Often the animals would stand on their 
hind legs and push, claw, or strike each other with their front feet. This per- 
formance was ludicrously similar to a fight between human females. (4) Although 
prolonged infighting was never observed, the animals would sometimes seize 
each other with their forelimbs and bite strongly. Rarely, one animal would 
seize the flank of another with teeth and front feet, and hang on for some time 
even when the attacked animal hopped the length of the cage (6 feet) in an effort 
to escape. As one would expect these techniques were variously combined, often 
with quite spectacular results, for much of the fighting actually took place 
while the animals were in the air. The action was much too fast for the human 
eye to follow in detail. Typical postures and maneuvers are illustrated in Plate 
IT] 

In our experience, when two Dipodomys panamintinus were caged together 


| 
' 


her of them invariably resulted, and when 


overnight, the death of one or the ot 


a Dipodomy merriami and a Dipodomys panamt? linus were similarly caged the 
former was always killed. Death, however, apparently resulted not from a single 
skirmish but from repeated contests over a considerable time. After a few skir 
mishes, one animal usually established dominance over the other and the sul 
ordinant animal would attempt to avoid the dominant one. In so doing, it would 
expose its flank and tail to attack. Usually, the first sign of injury was a torn, 
bitten, or even gnawed-off tail. 

The directing of attacks towards the tail of vanquished animals may in part 
explain the frequent occurrence of short-tailed kangaroo rats in nature, on which 
Howell (1923) has commented. In captivity the victorious animal always ate 
the eyes, brain, and viscera of its victim. 

Discussion. Except in a few instances the genus Dipodonw ys inhabits regions 
characterized by a lack of continuous plant cover. Over much of its range, fairly 
extensive areas of bare soil separate the patches of vegetation. In the part of 
the Mohave Desert where the animals used in the present study were obtained, 
our observations indicate that the foraging range is usually a matter of 50 to 
70 feet from the home burrow. Tappe (1941) and Fitch (1948) have found a 


similar situation in Dipodomys heermanni. Under these conditions survival of the 


animal is predicated upon its ability to move across these stretches of open 


ground rapidly and in an unpredictable manner and to reach the safety of 


burrow. The problem is not one of sustained high-speed locomotion, but one of 


quick-starting evasive locomotion in open terrain over short distances. Since 


] 


this is the case, conservation of energy is of relatively little importance to the 


kangaroo rat (see also Hatt, 1932: 603). The kangaroo rat’s style of locomotion 


places definite limitations upon the types of habitat available to it. This rodent 


can be expected to occupy successfully only those regions in which smooth-sur- 


faced, sparsely-vegetated foraging areas are available. These areas need not, 


however, be extensive. 
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These factors for the most part effectively eliminate the possibility of a kanga- 
roo rat’s successfully occupying areas of high annual rainfall. Conditions best 
suited to the kangaroo rat’s style of locomotion are found in desert and semi- 
desert. regions. Reynolds (1950) has found in southern Arizona that Dipodomys 
merriami reaches its greatest abundance in heavily grazed land and he suggests 
that this situation is related to the fact that an abundance of grass would ham- 
per escape from predators. 

The development of a type of locomotion adapted to quick escape obviously 
demands the existence of a safe retreat. In the case of the kangaroo rat, the safe 





retreat is provided by a system of protective burrows. This necessity for a 
burrow places another restriction on the kangaroo rat’s distribution. It can occur 
in places where firm, workable soil or sand is available. 

The eyes of the kangaroo rat are so oriented that it is impossible for the ani- 
mal to see what it is eating. The eyes are, however, located in the most favorable 
position for the perception of the approach of danger from above. 

The animal’s excursions from the safety of its burrow are largely concerned 
with feeding, and all its activities in this respect are such as in no way to hinder 
rapid retreat. The development of cheek pouches reduces the time required for 
foraging to a minimum by separating the periods of food gathering and eating. 
Moreover, only the forelimbs and the cheek pouches are engaged in food gather- 
ing. Since neither of these structures is at all concerned with rapid locomotion, 


leap from feeding to extremely rapid locomotion almost instan- 


legs are not directly involved in feeding. 


Y 


the animal can 
aneously. The eyes, ears, and hind leg 
Therefore, the sensory mechanisms and the hind limbs can be on continuous 
alert and ready for immediate use in escape. The value of such a series of adap- 
tations to an animal living in deserts, where the available food is widely scat- 
tered over areas offering almost no protective cover or concealment, is obvious 
In fact, the entire economy of the animal is set up for efficient evasion of danger 
in areas relatively devoid of cover, which emphasizes that survival in this 
species has been dependent upon a series of mutually supporting adaptations of 
which its locomotor equipment is only the most obvious. 

The case for the contention that the animal’s locomotor adaptations are for 
quick escape and retreat from danger, rather than, as seems obvious at first 
glance, rapid locomotion as a means of outrunning predators, is strengthened 
by the above consideration of the kangaroo rat as an adapted organism, rather 
than as a bundle of adaptations each of which can be considered separately. 
That the total adaptation is effective is shown by the large populations which 
the several closely related species of Dipodomys maintain in arid and seemingly 
unfavorable environments despite the fact that all have relatively low reproduc- 
tive rates. In most of the desert areas in North America the kangaroo rat is 
perhaps the most abundant mammal. 

The aggressive behavior of Dipodomys panamintinus toward Dipodomys mer- 
riami, the latter’s invariable acceptance of a subordinate position even before 
fighting, and its energetic attempts to escape may help to explain how these 
two species, so similarly adapted, can occupy in at least some parts of their 
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range the same habitat in approximately equal numbers. In the area where the 
animals used in this study were trapped, the habitat available is extremely uni- 
form, consisting as it does of the typical Lower Sonoran creosote bush-Joshua 


tree association. While it would be incorrect to say that these two species of 
kangaroo rats select exactly the same habitat (see Johnson, Bryant, and Miller, 
1948), locally they may do so. We have repeatedly caught animals of both 
species in the same trap in the space of half an hour. Thus, we do know that the 
animals are very closely associated both in space and time within a habitat which 
is essentially uniform. Conflicts and direct competition need not arise from tl 
situation, however, if we assume that the subordinat position of merriami keer 
it from competing on an individual-to-individual basis with panamintinu 


food and burrowing sites 


geressive intraspecific behavior of individual panamintinus may we 
result in spacing members of this species widely enough so that they do not full 
exploit the available habitat, thus leaving both space and food for merrian 
d d re contact tl the panaminit in the are ‘ hi " however. ¢ T i 
advan a only tentative hypothe ] nending further inve stigations Ir aT 
cel n localitie thes simila d ted speci ( 
toget ppe to occup remely simil nic! 
I I ecialized locomotor adaptatior of the n oO! are al 
( le demanding environment. Thi motor adaptatio1 
fact extreme that to a unique degree they pl tral and det 
I he t d patter nil r 
m m 38) I ll | l ud mo 27 
considered except in conjunct | ts of m« 
. } to determin , nr 
STMMAI 
Loco! 1] sneci ( D Dp ? nr 
Sp a ) yf ind obser mm 
When n , lowly. Dipodomys pana . 
ind i/ a ust quadruped no ing ¢ I I 
noppin 
. Whe ehtened, but moving rapid! : ext 
I oI per hop 
tL. Wher rtled, bot! pec leap vertical] t ner eT 
in ¢ ne oun iat eri ( Nowe ful np | I nic e¢ 
chang frequently and unpredictabl D1 duru I nin I I 
Tec control ot then qu lil un 
5. Climbing and bipedal walking are less common modes of locomotion wl] 
re also described 


6. The tail is used as a balancing organ in the types of locomotion described 
above and as prop when the animals stand on extended nina legs. 

7. Fighting, although not strictly locomotor, is described because the tecl 
niques used by kangaroo rats are so strongly conditioned by the animal’s loco- 


motor specializations 
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is approached. Do other species of eutherian mammals have a similar anatomical 
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SEASONAL CHANGES IN THE ENDOCRINE ORGANS AND 
BEHAVIOR PATTERNS OF THE MUSKRAT 


By JAmes R. Beer AND Rouanp K. MEYER 


Behavior patterns combine with the physical environmental conditions to 
ontrol the population density and distribution of the muskrat, Ondatra zibethica 
hica (Linr Many of these behavior patterns are seasonal or at least sea- 
the intensity tl hich they are manifest and seem to be correlated 
nd probably controlled by the seasonal physiological changes which occur 
Ty TY 
[n tl tud ttemp correlate thi I el r patterns with the 
wie nd suggest | they may affect the composition and 
the 1 rilation in tl Wiscor nT rshes. The investigation includes 
( , 27 1 I f . I } } , nd field 
’] ! I ! The nur ( nin ned 
ne \ TY ‘ +T) 
nr t t tranne} 
| \J | Vild] \y n 
) y y i \ A 1m 
T I I rie 
: 7 . rT. 
; 
| . ] -O nm of 
| ' T) Y 
1 n Alumni Ress } 
( here the ( killed within 
ou pitu te epididymides, prostate, preputial glands, 
oval ite! lrenal nd thyroid ( emoved and weighed immediately 
I tor I lan | co cul ting rea na vere separated from the prostate 
since there seems to be some disagreement as to whether these lobes are mor- 
nD 9 d pl logically d rel Walker, 1910a and 1910b; Price, 
1026 A] organs, excel the uteri, were ¢ ohe d Vv ith their fluids and the com- 


ned weight ( paired organs were recorded. The uteri were nicked with a 
razor blade and anv fluids that were present were removed. The uteri from 
pregnant females were not used as it was nearly impossible to separate the ma- 
ternal from the embryonic tissues. Smears were made from one epididymis to 
determine the presence or absence of sperm 


The animals were divided into four classes: adult males, adult females, im- 
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mature males, and immature females. This grouping was used from the time of 
birth until the following March when it became impossible to distinguish between 
animals of the year and animals which had passed through one or more breeding 
seasons. The criterion used for aging was the condition of the gonads (Errington, 
1939) and the external genitalia (Baumgartner and Bellrose, 1943). 

The pituitary glands, after being weighed, were crushed between two glass 
slides, air dried at room temperature, and stored in a desiccator until they were 
all prepared at once for injection into 21-day-old female white rats to determine 
their gonadotropic activity (Kupperman, Elder, and Meyer, 1941). The glands 
from each adult class were placed in three groups. The first group included glands 
of those animals taken during the period when the primary reproductive organs 
were increasing rapidly or were at a maximum weight, which included the months 
of March, April, May, June, and July. The second group was from the period 
of recession of the gonads and included the months of August, September, Octo- 
ber, and November. The third group included those animals with quiescent 
gonads, December, January, and February. The young animals were also divided 
into three groups for each sex: the first, from the period of rapid growth from 
May through August; the second, from September through November; and the 
third, from December through February. 


The dried pituitary was prepared for bioassay by carefully scraping it from 





the glass slides with a razor blade and grinding the material into a fine powder. 
This powder was then mixed with distilled water and heme so that each 21-day- 
old female white rat received 3 mgm. of dry pituitary powder and 2 mgm. of heme 
(McShan and Meyer, 1941). The afternoon of the first day 0.5 ec. of the solution 


was injected subcutaneously and the same dose administered twice daily for the 
next four days. The assay animals were autopsied in the morning of the sixth 
day. The uteri of the assay animals were weighed and used to determine the 
gonadotropic activity of the muskrat pituitary. The preliminary data given here 
on this phase will be reported in detail in another paper when the balance of the 
material has been analyzed. 

The data for the weights of various organs and the total body weights for 
these muskr: 


its are given in Tables 1 to 4, respectively. The graphs (Figures 1 
and 2) are plotted on a basis of milligrams of endocrine organ or reproductive 
organ per unit of body weight. These units, 100, 1000, 5000, or 10000 grams of 
body weight, are used in order to show the relationships of the shapes of the 
various curves rather than for the purpose of giving the exact weight comparisons. 

The field observations were carried out on three small marshes in the vicinity 
of Madison, Dane County, Wisconsin, which were chosen for their availability 
and size. On these areas most of the adult muskrats were live trapped and ear 
tagged and most of the young which were born in houses were captured by hand 
and tagged. The field data reported here are based primarily on live trapping 
and observations of houses, trails, and feeding stations. 

The weight and gonadotropic activity of the pituitary gland.—The pituitary 
weighs about i mgm., or about 50 mgm. per kgm. of body weight, at birth. The 
growth was rapid though not nearly as rapid as that of the body for the first 
thirty days (see Table 2 and Fig. 2) when it reached a total weight of about 6 








Ma 








May, 1951 BEER AND MEYER—ENDOCRINE ORGANS OF MUSKRAT 175 


mgm., or 17.4 mgm. per kgm. of body weight. The rate of growth was then about 
the same as that of the body until the animals began to mature sexually. There 
was no appreciable change, from the average weight of 9 or 10 mgm., or 10 
mgm. per kgm. of body weight, from November until March. The weight and 
growth pattern for the immature males and females was very similar until this 
time. After March the weight increased rapidly until it reached its peak. 

The adult male pituitary reached a peak weight during May, with a weight 
of about 21.7 mgm. per kgm. of body weight, which was the height of the breed- 
ing season (see Table 2 and Fig. 2). This was followed by a lower weight in June 
and July. There was a second peak, though not so high, which was maintained 
from August through November. This was the period of regression and early 
quiescence of the gonads. The pituitaries with the lowest relative weights were 
found in February with weights of 9.3 mgm. per kgm. of body weight. 


TABLE 1.—Body weight of muskrats in grams 
FEMALE MALE 
Adult Young Adult Young 

Mo N Av. W N Av. W } Av. W } Av. Wt 
Jan ] 227 0 0 4 903 
Feb 4 1295 8 96( 2 1264 3 786 
March 9 1031 2 1235 

April ] 1095 5 1105 

May 2 1235 2 81 3 979 1 46 
June 5 1173 4 193 6 1172 | 356 
July 2 1201 2 313 5 1152 ] 167 
Aug 3 1197 ] 168 3 1207 3 481 
Sept 4 1136 7 677 l 1222 5 696 
Oct { 1275 3 812 2 1197 6 861 
Nov. 2 1331 6 967 3 1033 4 845 
Dec 4 1119 7 923 8 1171 5 1015 


The adult female pituitary reached a maximum relative weight of 24.7 mgm. 
per kgm. of body weight in the period from March to June (see Table 2 and 
Fig. 2). There was a low relative weight in July and August followed by a second 
peak in September. This second peak seems to be comparable to the one found 
in the male during the post-breeding season. From October on, the weight pat- 
tern of the pituitary was similar to that of the adult male with a minimum of 
13.7 mgm. per kgm. of body weight in February. 

The adult male muskrat pituitary glands showed a high gonadotropic activity 
during the period of sexual activity. When assayed in 21-day-old female white 
rats a gain in uterine weight of 111 mgm. over the control weight of 23 mgm. was 
recorded. From here on all weights will be given in gain over the control. The 
period of regression also showed a high activity with a gain of 94 mgm., while 
the glands from the quiescent period showed little activity, giving a gain of but 
4.9 mgm. in uterine weight in the white rat. 

The adult female pituitaries reached a high peak in activity during the breed- 
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1 as shown by a gain in uterine weight of 29 mgm. in the assay animals. 


is much lower than that found in the males. The stages of regression 


ence of the gonads were associated a comparatively low activity 
uitary with average weights 7.7 mgm. respectively of the 

The minimum activity was n tly different in the two sexes. 
ronadotropic activity of the pituitary of the young males for the summer 
8.5 and 16.7 mgm. of the assay uteri, respectively. The young female 
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The adult testes remained at this low level through January, after which they 
gained very rapidly and reached a near peak weight in February. The testes of 
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Fic. 1—Seasonal variation in muskrat reproductive organs in mgm. per unii of body 


weight 


These units are 100 gms. for the testes, 


prostate, epididymis, and uteri of both 


adult and immature muskrats, and for the seminal vesicle and coagulating glands of the 


adults; and 1000 gms. for the ovaries and preputial glands of the adult and immature fe- 


¢ 


males and the seminal vesicle and coagulating glands of the immature males. 


the second year males probably reach a maximum weight in March, though this 
was masked by the first year males that are here included as adults. The two 
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classes are combined from March on, due to the inability to age all of the animals 


accurately at this time. The adult males seem to come into full breeding condi- 
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These units are 100 mgm. for female preputial glands and the adult male adrenals; 1000 
gms. for immature male and adult female pituitaries, adult male and immature adrenals, 
immature male thyroids; 5000 gms. for immature female pituitaries and adult 


female and 


male thyroids; and 10,000 gms. for adult male pituitaries. 
tion about a month earlier than the first-year males. The increase in size of the 
adult testes is also much more rapid than that of the young animal. 
The shape of the weight curve for the testes found in this study of the muskrat 
agrees quite well with that found by Elder and Finerty (1943) for the cotton- 
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tail rabbit. These both contrast with that found by Wells (1935) in the thirteen- 
lined ground squirrel, as the peak testes weights for the muskrat and cottontail 
rabbit are maintained for a considerable period of time, while the peak testes 
weights for the thirteen-lined ground squirrel are held for a very short period. 
The testes of the first year thirteen-lined ground squirrels are somewhat slower 
in coming to full weight than are those of the adults. This agrees with our ob- 
servations on the muskrat. 

The accessory reproductive organs, the epididymides, seminal vesicles, pros 
tate, coagulating glands, and preputial glands, showed weight curves that were 
similar to that of the testes (see Tables 3 and 4 and Fig. 1 

The main difference was some lag in the beginning of growth. The recession 
in weight may also precede that of the testes though they all reached approxi 
mately minimal weights in September. All of the male reproductive organs, ex- 
cept the coagulating glands, reached their peak weight in May. The coagulating 
glands reached their maximum size in July, which was towards the end of the 
breeding season. 

Fertility and the capacity to breed in the male is restricted, in Wisconsin, for 
the most part to a period starting in March and ending in August (Beer, 1950 
It is probable that occasionally there are animals that come into the breeding 
condition earlier and some that remain in this state until later. 

Weight changes in the immature female reproductive tract—In contrast to the 
testes which grew much slower than the body in the young animals, the ovaries 
grew at much the same rate as the body until December, at which time they 
weighed about 50 mgm. (see Table 3 and Fig. 1). The increase in ovarian weight 
came in February, with a maximum for ovaries not containing corpora being 
reached in late March. 

The uterus showed a high weight of 640 mgm. per kgm. of body weight when 
the animals were very young. This value dropped to less than 90 mgm. per kgm 
in November and December. The weight remained below 120 mgm. per kgm. of 
body weight until February, after which there came a sharp increase in weight 
with a value of over 900 mgm. per kgm. of body weight in March. 

The preputial gland is apparently not functional in the female and never 
attains any great weight. The organ was quite variable and the data showed som« 


fluctuation in weight from month to month (see Table 3 and Fig. 1 


Weight changes in the adult female r productive organs A near maximum 
Ovarian weight was reached in March, but the peak was not attained until 


May when all of the ovaries examined contained corpora. A rapid regression 
took place in July with a minimum weight being reached in November. This 
minimum weight was held through February after which the ovaries again in- 
creased in size in preparation for ovulation. There was also an ovarian peak in 
November (see Table 3 and Fig. 1 

The ovarian weight cannot be used by itself as a criterion for determining 
whether an animal is breeding or not since there is not a sharp decline in ovarian 
weights between the estrous and anestrous seasons as there is in the testicular 
weights. The ovarian weight curve was similar to that found for the cottontail 
rabbit by Elder and Finerty (1943). 
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A large uterine weight was reached by March, though the peak did not come 
until June (see Table 3 and Fig. 1). This was about a month later than the ovarian 
peak. The regression was then quite rapid with a low weight being reached in 
July and a minimum in November. This low weight was maintained through 
February. The variation seen during the peak period was apparently due to the 
stage of the estrous cycle in which the muskrat was in when it was killed. The 
curve of uterine weights followed that of the ovaries quite closely. 

The preputial gland is variable in weight and apparently is not functional in 
the adult female muskrat (see Table 3 and Fig. 1) 

The female muskrat is not usually capable of breeding until the first of April, 
and ovulation usually ceases by the first part of July. It is unusual to find young 
in the nest before the beginning of May and new born are seldom found after 
the middle of July. There are, however, individuals that vary considerably from 
the pattern set by the majority of the population 

Weight changes in the thyroid.—The thyroid starts at birth with a high weight 
in relation to the body weight. The thyroid weight of both the male and female 
then drops rapidly to a value of between 40 and 100 mgm. per kgm. of body 
weight. The variations through the rest of the seasonal! cycle seem to be between 
these two figures (see Table 2 and Fig. 2 

The adult female thyroid showed a peak weight in March and April and a 
second peak in October, while the adult male had a first peak in April, a second 
one in July, and a third in October (see Table 2 and Fig. 2). 

Zalesky 1935) and Zalesky and Wells (1940). in their studies of the thirteen- 
lined ground squirrel, found that the maximum weight phase of the thyroid 
continued through the breeding season and into late summer and early autumn. 


These authors concluded that since this animal 


is a hibernating species the pe- 
riods of maximum and minimum weight are related directly to the metabolic 
activity of the animal. A similar seasonal curve is found in the muskrat, though 
there was a minor drop in wei 


o 


ht in June and July in the adult females. The 
thyroid of the adult male muskrat had three peaks with the major ones coming 
in July and October. Since the muskrat is active throughout the winter, it would 
seem that a decreased metabolic activity would not account for the drop in 
thyroid weight. 

The peak in weight did not seem to coincide with temperature, light, reproduc- 
tion, or molt. This thyroid weight curve also agrees with what Burger (1938 
found in the male starling and Kirkpatrick (1944) found in the pheasant, ex- 
cept that the female muskrat thyroid was not consistently larger than that of 
the male. The thyroid weight curves of the muskrat, thirteen-lined ground squir- 
rel, and the cottontail rabbit are in contrast with the findings of Riddle and 
Fisher (1925) that pigeons have an enlargement of the thyroid in the fall and 
winter. 

Kenyon (1933) and Baillif (1937) have shown that in the white rat exposure 
to cold causes an outbreak of activity in the thyroid which is observable in both 
its histology and weight. This did not seem to show in the seasonal weight pic- 
ture of the muskrat thyroid. The thyroid may be large due to an accumula- 
tion of colloid, in which case it is inactive, or to hyperplasia in which case it 
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would be actively secreting. A histological study is required to properly evaluate 
seasonal trends of this organ. 

Weight changes in the adrenals.—The adrenal gland showed a growth rate more 
nearly like that of the body than did most of the other endocrine organs (see 
Table 2 and Fig. 2). The adrenals grew until September when they weighed 
about 280 and 360 mgm. per kgm. of body weight in the immature males and 
females, respectively. There was then a drop in relative weight which was main- 
tained until the following February. The adult male adrenals gained in weight 
steadily from February to October when a maximum weight of about 425 mgm. 
per kgm. of body weight was reached. The female adrenal had its peak in weight 
in August with a value of 627 mgm. per kgm. of body weight. The adrenals 
then regressed gradually until the next February (see Table 2 and Fig. 2). 

The high value for March coincided with the spring break-up, at which time 
the muskrat was subjected to the most severe weather conditions. Dozier, et al 
(1948) have also shown that there is a loss of body weight at the beginning of 
the breeding season. This coincides fairly closely with the break-up on Wisconsin 
marshes. Selye (1946) has shown that the adrenal reacts rapidly to increased 
stress and that this reaction is reflected by an increased weight of this organ 
Besides the weather stresses there are also stresses in the form of increased levels 
of estrogens and androgens which affect the adrenal weights, the estrogens be- 
ing the most effective. 

Zalesky and Wells (1940) have shown in the thirteen-lined ground squirrel 
that adrenal hypertrophy occurs during the breeding season in both sexes. Kirk- 
patrick (1944) found that maximum adrenal weights were obtained in the pheas- 
ant during the breeding season. The adrenals of the muskrat did not reach 
their peak weights until after the breeding season was over. The adrenal and 
thyroid weight curves are equally difficult to correlate with any stage in the 
reproductive cycle or known periods of stress 


Social behavior—vVarious phases of social behavior, such as movements, ter- 





ritoriality, and intraspecific strife, are mechanisms which are important in the 
natural control of populations. \ooressive behavior in rodents has been discussed 
by several authors with varying conclusions (Burt, 1940; Blair, 1940; Gordon, 
1936; Hamilton, 1937; Lay, 1938; Errington, 1943) as to whether small rodents 
are territorial. Part of the apparent discrepancy may come from a lack of agree- 
ment as to what constitutes territoriality. If we use Noble’s (1939) definition of 
a territory as any defended area, many of the small mammals should probably 
be considered territorial during certain times of the year. Errington (1943) in 
his discussion of intraspecinic strife in muskrats states: ““Much of the intolerance 
that can be called seasonal is associated with a territoriality of a sort that does 


not, in my estimation, differ from that found in many birds.” 


Fighting occurs occasionally at all seasons of the year with a peak in intensity 


during the spring and early summer. With the exception of the breeding seasot 


fighting seldom occurs when the environmental conditions are reasonably ade- 


quate. When these conditions become adverse intraspecific strife may become 


severe at any season of the year. 


Most observations were made on areas which could be classified as good habi- 
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tats. In these areas there was very little evidence of late fall and winter fighting, 
even in areas of very high population density. One 47-acre area on the Horicon 
Wildlife Area which yielded 14.8 muskrat pelts per acre during the fall trapping 
season showed very few cut-up pelts. During the previous spring considerable 
fighting was found to occur on a similar area with a density of not more than 
four muskrats per acre. In contrast, Errington (1943), in studying Iowa muskrat 
populations under drought conditions, found heavy fighting in late fall 
and winter. 

The tendency towards fighting starts in February. This does not usually show 


in cuts on the live-trapped animal, but any steel-trapped animal is apt to be 


severely slashed by other muskrats. This tendency increased in intensity until 
slashes began to show up in the live-trapped animals during March. The peak 
of fighting comes during April and May and tapers off in June and early July. 
After the middle of July there is very little fighting until the next spring if the 
ecological conditions are reasonably good. There is, however, sporadic fighting 
during the last of August and the first part of September. Most of the fighting 


was done by the males 


In examining the data it is seen that the fighting tendency starts about the 
e testes begin to develop rapidly and the tendency towards a decrease in 


fighting precedes the drop in testes weight. The slight increase in fighting in the 


f seems to coincide with an increase in the weight of the pituitary. This indi- 
i that there may be a relationship between the activity of the pituitary 

nd fighting 
VW ovement Muskrat movements may be broken down into two major groups: 


gular movements involving the normal daily routine, and long distance 


' ‘ ‘ . “41 4} ‘ . ‘ 
lrreguiar movements away trom the home area with the animal seldom, ll ever, 
ig to the original home range. The latter may be subdivided into move- 


ments caused by changes in the environmental conditions which make the area 


intenab] and those movements brought about by seasonal changes in the 
nin physiolog 
Live trapping has indicated that, in marsh habitat, most of a muskrat’s 


ithin an area of about one acre in extent. This size area is maintained 
ith males and females. During the spring and summer, the males that in- 
narshes may be taken at nearly any place on their territory during any 
n contrast to the activ ; of the females which seem to localize 


their feeding and swimming to a relatively small part of their home range on 


night. This is 





any given night. Captures during the breeding season showed that the males 
were caught about three times as often as the females. Sixty of 83 adults live 
yped during this season were males while the true sex ratio was only slightly 
unbalanced in favor of the males. Even in marsh habitats, muskrats may oc- 
] 


casionally take trips outside of their usual home ranges or territories. 


Random movements away from a known home range are usually initiated 


by one or more of six causes: floods, drought, freeze-outs, starvation, population 
pressures, and the stage of the yearly reproductive cycle of the animal. Of these 
the last two are the only ones to be discussed in this paper. 


The type of movement based on the reproductive physiology of the animal is 
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of primary importance in the dispersal of the species. From here on animals 
thought to be moving due to this cause will be called physiological “runners.” 
Though such external factors as cold and hunger may cause physiological changes 
that may secondarily bring about movement, it is felt that these may be separated 
from normal physiological cycles. These physiological “runners”? do most of 
their traveling at a time when the water conditions are at their best; and if 
repopulation of vacant habitats is to take place, this is certainly the ideal time. 
The mortality on these “runners”’ is usually very high, but enough are successful 
to be of extreme importance to the species in extending the population over as 
large an area as is suited to it. 

In reference to these movements, Errington (1943) stated: “Dispersal of musk- 
rats from wintering to breeding quarters takes place in central and northern 
Iowa mainly between the middle of March and early May. The details of this 
movement are as yet imperfectly worked out, but considerable evidence sug- 
gests that many veteran females (perhaps many adult males as well) remain in 
their established ranges, whereas the maturing younger animals which had spent 
their first fall and winter in, or close to, the home ranges of their parents may 
tend to seek their fortune.” 

Warwick (1940), in discussing the muskrat in the British Isles, found that the 
peak in movements was well marked and limited to a day or two in March, 
though general activity was spread over most of the month. During this spring 
movement the males are especially active, and a few leave the main colonized 
area and travel considerable distances. 

The bulk of the reports on movements in the Madison area are received in 
March with a few in February and quite a few in April. This agrees with the 
period of increasing gonadotropic activity of the pituitary and the rapid develop- 
ment of the gonads. We believe that these early spring movements may be in- 
duced by an increased irritability of the animals or to an urge within the animal 
to move and that the latter is probably the closest to being correct, since the 
animals found in the early part of the spring movement have few, if any, wounds 
from fighting. 

The group that is found moving from April through July are usually severely 
wounded from fighting. These movements should be classified as force-out move- 
ments induced by population pressures. 

The general consensus among investigators and trappers is that most of the 
“runners” are males. Of 41 “runners’”’ found dead from causes other than intra- 
specific strife or taken alive while on the move, 28 were males. This is a ratio of 
116 males per 100 females, which is not significantly different from the figure of 
125 males per 100 females which is usually found on the marshes at this season 
of the year (Beer and Truax, 1950). Though the sample is small, it indicates 
that the movement is probably undertaken by both males and females in pro- 
portion to the sex ratio of the population. Later in the season, that is May, 
June, and July, most of the movement seems to be by males which population 
pressures force to move from area to area until they find a vacant spot or are 


killed. 
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Our observations indicate that fighting among the males is probably one of 
the most important factors in the selective mortality which occurs during the 
breeding season. Predation and accidents are also probably selective against the 
males. That this is the case is born out by an examination of the sex ratios of 
the various age classes in the fall population. A sample of over 24,000 fall-trapped 
muskrats gave sex ratios of 134 males per 100 females for the young of the year 
and 98 males per 100 females for animals having gone through one or more breed- 
ing cycles (Beer and Truax, 1950). 

In the fall there is a minor surge of “runners’’ which occurs so regularly that 
it is improbable that it is caused entirely by drought eviction. Physiological 
forces may be involved and there seems to be a noticeable increase in the weight 
of the adrenals in all classes as well as an increase in the weight of the pituitary 
at this time. To date the investigations are not detailed enough to suggest more. 

The data presented indicates that there is a very definite connection between 
season, physiological condition of the animal from a reproductive standpoint, 
and behavior patterns. The greatest amount of movement is seen during the 
period of rapid growth of the reproductive tracts and high gonadotropic activity 
of the pituitary. The greatest amount of fighting is observed during the period 
when the reproductive tract is at its maximum weight. There is a minor surge 
in both fighting and movements during the fall that is probably correlated with 
physiological conditions. There is a minor increase in the pituitary weights and 
a general maximum in the adrenal weight during the fall. It is possible that these 
are the causes of this fall activity. 

While there are no conclusive data it seems logical to conclude that the gonado- 
tropic activity of the pituitary is controlled by the season and that this activity 
controls the reproductive cycle and either directly or indirectly through the 
gonadotropic hormones the social relationships of the animals. Thus, when the 
muskrat is developing reproductively it is also doing the maximum amount of 
traveling and filling in vacant habitats. By the time the muskrats are at a peak 
reproductively they are also at their highest degree of territoriality and defend 
their home area so that there is not an excessive density of breeding animals. 
This allows the young a much better chance to survive. If the breeding popula- 
tion is too high the excessive density usually allows too much contact of young 
muskrats with the adult population with disastrous results to the young. In 
any event the population is maintained at levels which, in Wisconsin marshes, 
usually do not exceed the carrying capacity of the area. In other words the 
physiological processes which prepare the animal for the maximum production 
of young also affect the animals psychologically so that they move early in the 
season and occupy all of the available habitat and also set up mechanisms which 
seem to prevent excessive overpopulation. 

Summary.—A sample of 237 muskrats, taken at monthly intervals, has been 
autopsied to determine the seasonal changes in the endocrine organs and re- 
productive tracts. 

The gonadotropic activity of the pituitary is highest during the spring and 
early summer with the minimum activity coming in the late and early winter. 
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The male reproductive organs start developing in February and reach peak 
weights in April and May. Minimal weights are found from September through 
January. The female reproductive tracts reach their maximum weight during 
the period from March through June with minimal levels from July through 
February. 

The female thyroid has a period of relatively high weight from March through 
October and relatively low weight from November through February while the 
male thyroid is quite irregular in its seasonal weight, but it is relatively high 
from June through November. 

The adrenals show a minor peak in weight in April and a major peak in October. 
Minimal weights are reached in January and February. 

Most of the organs have a relatively high weight in relation to body weight 
at birth. This relatively high weight drops rapidly to a minimum relative weight 
which maintains until the muskrats start to mature sexually. 

The females are considerably more tolerant of their own sex than are the 
males. The males and females seem to be tolerant of each other. 

Movements are probably caused by normal physiological cycles such as those 
involved in reproduction and force-outs caused by drought, freezing, floods, and 
population pressure. The bulk of the spring “runners” and possibly a portion 
of the fall ‘‘runners’”’ belong to the class caused to move by normal physiological 
cycles rather than emergency conditions 
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BISON (GIGANTOBISON) LATIFRONS AND BISON (SIMOBISON) 
ALLENI IN SOUTHEASTERN IDAHO 


By Marie L. Hopkins 


That the known specimens of Bison (Gigantobison) latifrons are extremely rare, 
and that much more extensive and accurate data are to be desired on this spe- 
cies, has been pointed out by Skinner and Kaisen (1947). J. R. Schultz (1937), 
discussing the problem of Pliocene-Pleistocene boundary and the correlation of 
European and North American vertebrate faunas, states that “further explora- 
tions coupled with exact field work and careful collecting in the Snake River 
region of Idaho, the Valley of Mexico, and in the Paso Robles and Tulare beds 
of California may throw much needed light on the problem...” and that “as 
yet the terrestrial faunas of the Western States have not been tied in with 
either the marine section or the glacial drift.’ 

It is the purpose of this paper to present data on two unusually large and 
complete skulls of Bison (Gigantobison) latifrons, both of which came from the 
same stratigraphic horizon in the American Falls Lake beds near Pocatello, 
Idaho, which have been exposed by the erosive action of American Falls Reser- 
voir. This is the first account, I believe, of latifrons as related to Idaho. The 
evidence points toward both skulls being in situ when excavated. Their inclusion 
in the literature would bring to five the known total of nearly complete skulls 
of this species. 

Fortunately, the apparent stratigraphic position of the two latifrons skulls 
reported here, relative to the three local and heretofore undescribed specimens 
of Bison (Simobison) alleni, can also be given. Perhaps these data may eventually 
help to throw light on the chronologic sequence of these two species of bison in 
the intermontane west, and to clarify this relationship in this region as com- 
pared with findings relative to the same problem in the Great Plains, as reported 
by Schultz and Frankforter (1946) and in California by Donald E. Savage (1950). 

The first specimen of latifrons to be found in this region was found by Mr. 
Wayne B. Whitlow, teacher of zoology at Pocatello High School. He and his 
student, Mr. Woodrow Benson, excavated it late in the fall of 1933 from the 
east beach of American Falls Reservoir, SE ; Sec. 9, T 68, R 32 E. This speci- 
men is now in the possession of Mr. Whitlow at Pocatello High School. When 
discovered about midway between the cliff and the water’s edge, only one horn 
core tip was protruding above the sand. The upper skull was complete when 
found, but the facial portion was so badly disintegrated that only nasals, four 
teeth, and the cranium and horn cores were recovered. 

The degree of fusion of the cranial sutures and the extent of tooth wear indicate 
that this is a skull of a fully mature and possibly old individual. The teeth show 
a little more wear than those of the Hopkins specimen, (PI. I) to be described 
later. In the Whitlow specimen both. horn core tips are somewhat incomplete, 
the right more so than the left. The more complete left side measures 1051 
mm. from the frontal suture to the end of the horn core tip. If allowance is 
made for the eroded conditions of the tips, this skull probably exceeds the 
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maximum for total horn core spread. This wide span is no doubt 


to the almost complete lack of curvature ol the horn cores, as the 
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dis 


from burr to tip along then upper curvature 1s actually less in this than 
Hopkins specimen (Pl. I, upper Che most striking variations, howeve1 
Whitlo specimen from the specific characters (set up on p 205 of Skinne 
sel 1947, revision of the genus) are, first, th forementioned almost 
te lack of curvature ot the horns nd, second, the angele of the horn cores 
e to the longitudinal axis of the skull. This angle is a right angle. Not 
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art of a faunal association study now in progress in the beach area between 

annock Creek and the Portneuf River. 

3. It seems improbable that two skulls the size of these could have been 
subjected to much shifting since their original deposition, and still be in such 
nearly perfect condition. 

Since I have become interested in the fossil bison of this area, three heretofore 
unreported specimens of Bison alleni have come to my attention. One of them, 
now in the vertebrate fossil collection of Idaho State College, is in its dimensions 
and general appearance very close to the average B. alleni as given in Table 
15 by Skinner and Kaisen (1947: 184). It has an index of core curvature of 149, 
index of core compression of 83, an index of core proportion of 119, and an 





index of core length of 138. It does vary from species criteria in horn core angle 
(82.5°), and height to which the tips rise above the frontals; points to be re- 
red to later. This specimen was turned over to me November 24, 1942, by 
Mr. Glenn Langley, then a resident of Pocatello. It was dug out by a power 


+ 


shovel at the ‘Chicken Ramsey” gravel pit, which is on the west side of Bannock 


approximately 0.6 mile from the Bannock Creek crossing of the 





Union Pacific Railroad tracks near Schiller. This location puts it less than three 
) of the site of the Whitlow latifrons specimen. Reportedly its depth 
from the surface could not have exceeded 12 feet. Plate III of Bulletin 713 of 


the U.S.G.S., in which the geology of the Fort Hall Indian Reservation that 
includes this site was reported upon by Mansfield and others, gives the site of 
the Chicken Ramsey gravel pit as Pleistocene and terms it “Older Alluvium” 
distinct from “Younger Alluvium”’ bord ring Bannock C Another gravel 
pit about 18 miles em of the Chicken Ramsey pit " prow to Stearns 
1938), also in this “Older Alluvium.” From the latter pit, near the east end 
of the American Fall dam, many Pleistocene animals have been recovered by 
Dr. J. W. Gidley and O. P. Hay. About this pit Stearns (1938: 92) writes: 
“W.C. Mansfield of the United States Geological Survey identified shells asso- 

ted with the bones in this pit as Fluminicola fusce Haldeman and Sphaertum 


of S. suleatum Lamark. He states that both of these species inhabit fresh water 


ge does not appear to be earlier than late Pleistocene.” 

O othet specimens of Bison alleni which I have seen came from the 
Acequia gravel pit in the SE + Sec. 7, T 9 8, R 25 E, about 5 miles NE of 
Rupert, Ic lah . The Acequia pit is down the Snake Valley approximately 67 
miles from the ae at which the Whitlow and Hopkins specimens were collected. 
They belong to Mr. 8. W. Osgood of Rupert, who has made wall mountings 
of them in his lapidary shop. Since Mr. Osgood said the identification of his 
specimens as Bison alleni has been made by the Field Museum (now the Chicago 
Museum of Natural History 


, 1 did not attempt to make comparative measure- 


7 


ments on them. This would have been difficult to do on wall mounted speci- 
mens and IJ feared might endanger them. I 


did, Saito compare photographs of 
the Idaho State College specimen with the Osgood specimens. Mr. Osgood was 


als 
Als¢ 


ble to furnish measurements in inches. Except that the Osgood skulls show 


a 


dimensions which range around the known maxima more than around the aver- 
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ages, they seem very similar to the IdahoState College specimen. All three skulls 
are atypical in the angle of horn core slant relative to the longitudinal axis of 
the face. Their tendency to be practically at right angles to this axis, rather 
than to slant a little posterior to the occipital plane, is like the angle of B. (Simo- 
bison) antiquus antiquus to which, according to Skinner and Kaisen (1947), B. 
(Simobison) alleni is probably ancestral. 

According to Mr. Osgood one of his specimens came from twelve feet, the 
other from eighteen feet below the surface. 

It is this same Acequia pit that is the source of two of the B. alleni listed 
from Idaho by Skinner and Kaisen (1947 

Stearns (1938: 93) reports that the gravel of the Acequia pit is continuous 
with that under the Minidoka basalt at the Minidoka dam, and overlies the 
3urley lake beds. He classifies it as among the youngest deposits of the older 
alluvium. Stearns (1938: 83-84) discusses the seeming variance of this opinion 
with that of O. P. Hay (1927), who interprets B. allenit and Camelops minidoka 


and other Pleistocene forms from the gravel layer immediately under the Mini- 


doka basalt as belonging to the first interglacial stage of the Pleistocene 
Stearns (1938) says that Hay, at the time of identifying the fossils and making 

such geologic relations as he could, did so without examination of the locality 

and with only scanty available data. Hay, therefore, requested Stearns to revi 

} 


these in the field, and hence the revisions. Skinner and Kaisen apparently 
follow Hay’s original interpretation that B. allent of Idaho is early to middlk 


rather than late Pleistocene 

The data herein prese! ted lead logic lly to the following conclusion 

1. The known geographic range of Bison (Gigantobison) latifrons has been 
extended to include Southern Idaho 


Comparative studies of two new specimens of B. (Gigqantobison) latifron 


and three of B. (Simobison) allent show marked variation within these species. 


3. Attention is called to the fact that H. T. Stearns, acting at the requ 


O. P. Hay, reviewed the geologic stratigraphic position of B. (Simobison) allen 
in Southeastern Idaho, and thought it not earlier than late Pleistocene, a vi 
point which apparently is in accord with data from a new site for B. alleni near 


Schiller, Id: he 
1. B. (Gigantobison) latifrons seemingly occurs at a lower stratigraphic level 


in Southern Idaho than does B. alle 
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skull of Bison latifrons from the Pleistocene of northern 


LOCAL DISTRIBUTION OF WHITE-FOOTED MICE, PEROMYSCUS 
VANICULATUS AND P. BOYLEI, IN THE NORTHERN SIERRA 
NEVADA, CALIFORNIA 


By E. W. JAMESON, J! 


For manv vears mice and squirrels have hindered attempted artificial seedin§ 
ot conilerous trees, but the species ol rodent conce rned have often been inferred 


and not definitely established. The effect of the various kinds of small mammals 


on reforestation can be studied only when we know the habitats in which each 





The local distribution of white-footed mice (Peromyscus maniculatus and P. 
boylei) was studied in coniferous forests and brushfields in the northern Sierra 
Nevada of California. The study was made in Plumas County, on the west slope, 
between elevations of 3500 and 5000 feet. The annual precipitation for 1940 50 

ried between 39 and 41 inches, about 10 per cent of which fell as rain. Originally 
the woody vegetation was largely coniferous; white fir, Douglas fir, incense 
cedar, sugar pine, and ponderosa pine were the most abundant trees. In burned 
areas the cover has been replaced by brushy species, mostly manzanita (Archto- 
staphylos patula and A. viscida), deerbrush (Ceanothus spp.), and bearbrush 
(Garrya Jremonti Although conifers ar probably recovering the land from 
brush, the change is slow, and, for the present, brushfields and coniferous forests 
represent two distinct vegetative types 

The period covered is from January to December (except July), 1949. Infor- 
mation obtained in one year is subject to the limitations affecting any short- 
term population study. The situation described below may possibly be 
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temporary; there are doubtless changes in numbers of individuals over the 
years, but the environmental distribution is probably more constant. Although 
cricetine rodents appear to be less cyclic than microtines, Howell] (1923: 152-153) 
noted marked fluctuations of Peromyscus maniculatus in California. 

Methods.—Six areas, representing two general cover types, were studied, 
three (Table 1, A-C) in brushfields and three (Table 1, E-G) in coniferous 
woodlands. Differences were noted in the woody vegetation, and the obvious 
soil and soil moisture conditions were observed in the field. In these areas cen- 
suses of woody plants were made by counting all the individuals in a circle of 
25-foot radius. Ten such surveys were made in each area, and from their aver- 
ages the number of plants per acre for the entire area was estimated (Table 1). 

Censuses of small mammals were made throughout the year in each area, 
and the data was compiled according to the trap-night method. The small 
mammals were taken in break-back traps placed in sets of four; a trapline con- 
sisted of 25 sets, totaling 100 traps. The bait was walnut meats. The sets were 
ten to fifteen yards apart, and the traps in each set usually were within a radius 
of ten feet. Each trapline was maintained for three days and nights, and was 
checked each morning. The total of the catch for three consecutive nights was 
divided by three. The resulting number, the number of animals per 100 trap- 
nights, reflects in a general way the kinds and relative abundance of small 
mammals. Because the data do not lend themselves to statistical handling, 
they are presented graphically in their entirety (Figs. 1 and 2). 

Snap traps were used because the small mammal carcasses were needed for 
study. Although live traps have an academic superiority, the attendant labor 
of setting them and establishing accurate stations may take several days for a 
five-acre plot in dense cover, and the information taken from living animals is 
confined mostly to external observations. 

The habitats studied —Areas A, B, and C lie between Quincy Junction and 
Massac Creek, and between a line approximately 220 yards uphill from the 
Western Pacific R. R. track, downhill to the parallel county and state roads 
They have not been subject to any but minor fires since 1930. Small parts were 


burned between 1911 and 1920 and a more extensive fire occurred in 1924 
1) 
li 


Brushfield plants are most abundant, but a few of the original conifers sti 
survive (Table 1) and provide a small amount of food and cover for the resident 
rodents. In most places manzanitas, deerbrush, and bearbrush form abundant 
cover, and in some places the canopy is almost complete. The black oaks (Quercus 
kelloggit) present are small, most of the larger specimens not exceeding 12 inches 
d.b.h. 

Although the first three areas are classed together, they differ somewhat from 
one another, and each is not completely uniform within itself. At the outset I 
believed they represented three clearly separable types of brushfields, but further 
exploration showed the variations to be rather local. In a few instances the 
variations within one area, B for example, are greater than those between the 
three areas. Such local vegetative differences may have been caused by varying 


severity of fires, or by different kinds of seeds having been on the ground follow- 
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TABLE 1 Number of plants per acre in brushfields (A-C) and coniferous forests (E-G) in 
the northern Sierra Nevada (Plumas County), California 


BRUSHFIELDS CONIFEROUS WOODLANDS 
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ing the fires. In all three areas the soil appears to be much the same. The slope 


varies | n 10 and 30 per cent, the exposure being to the south. The soil is 


hard and dry in the summer, and is essentially unsuited for such fossorial and 
semifossorial mammals as moles and voles. No soil survey has been made in 
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Plumas County, but is is apparent that the humus layers have undergone great 
changes, probably as a result of fire. In uncut and unburned forest areas there 
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Fic. 1 Local distribution of Peromyscus boylei in brushfields (rows A-C) and in 


coniferous forests (rows E—-G) in the northern Sierra Nevada, California. The interval 





between two rows represents twenty-five mice. Thin lines indicate that the area was trapped 


and no animals of that species were captured 
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Fic. 2.—Local distribution of Peromyscus maniculatus 


is a loose duff of obvious organic origin; the immediate surface litter may become 
very dry during long rainless periods, but the underlying humus remains moist 
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These organic layers turn to ash in a hot fire and are subsequently lost, probably 
by wind and water erosion. The lowered water table in montane brushfields is 
evident in the abundance of dried stream beds. 
The forested areas (Table 1, E-G) are rather uniform. The first two are four 
to miles southeast of Quincy, with a general exposure to the north, and the 


is six miles northeast of Quincy, with a southern exposure. They have not 
been ravaged by fires or extensive logging, and the environments probably 


differ little, if at all, from their original state 
The three wooded areas support the same kinds of woody plants, and em- 
phasize the drastic changes wrought by fires. Some brushy plants are present 
in Areas E—G, but the dominant trees are large conifers; many of the pines, 
cedars, and firs are 40-50 inches d.b.h. In one part of Area G, near the border 
here it is confluent with Area B, there is an abundance of Garrya fremontii. 


Local distribution of the white-footed mu The information obtained from 


repeated trapping in different areas demonstrates admirably the environmental 

distribution of mice (Figs. 1 and 2). It is apparent that, in this region, boylez 

s typically an inhabitant of brushfields, and that maniculatus is essentially a 
d specie lthough it may reside in brushfields in small numbers. 

Are A ¥ nhabited by a relatively small population of boylez, it was re- 

oO! mean of 1.6 specimens per 100 trap-nights, the greatest number 

ny three-night trapping period being 3.0 per 100 trap-nights. These means 

their maxim re 4.4 (8.0) and 5.9 (11.3) for Areas B and C, respectively. 

I re fficiently extensive to show that there must be qualities dis- 

tincuishing A from B and C. The three areas differ little in number of available 

homesites, such as fallen trees and rock outcrops. The scarcity of Arcto- 

patula and Garrya fremontii in Area A is noticeable (Table 1). The few 

nd ual aken in coniferous woodlands were captured at or near (20 yards) 

the } de} 


‘ally, P. maniculatus is the most abundant small mammal in coniferous 
sasionally its numbers are rivalled by those of red-backed voles 
( let/ onon californicus and long t rile | shrews (Sorex trowbridge : Its habi- 
tat preference seems not so well developed as that of boylez, for small numbers 
regularly in the brushfields. Of the three coniferous woodlands, Area E 
supported the fewest maniculatus; the mean was 2.9 per 100 trap-nights, with 
a maximum of 4.3 for any three-night period. For F and G the means (and max- 
im ere 5.4 (13.3) and 5.6 (14.3), respectively. Apart from the steep, shaded 
character of Area E, the three areas show no differences, apparent to me, which 
‘t the numbers of deer mice 
Habitat occupancy of white-footed mice seems to be fairly constant in the 
northern Sierra Nevada. between elevations of 3500 and 5000 feet. However, 
other workers have found these mice living in different situations in other parts 
of their geographic ranges; it is well known that maniculatus may live in a variety 
of cover types. In the Yosemite region of California, Grinnell and Storer (1924: 
110) found proximity to water to be the one constant factor associated with 


boylet (in Areas A-C boylei was sometimes abundant a half mile or more from 
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water). In New Mexico, boylei inhabits the rocky, low, open forest of junipers, 
nut pines, and blue oaks (Bailey, 1931: 154; Dice, 1942: 204). In southeastern 
Kansas this species is found at the base of brushy, rocky ledges (Hibbard, 1944: 
79). Because the typical habitats seem to differ in various regions, several 
montane habitats were explored. Traplines were maintained for three-night 
periods in high-elevation brushfields (6000 feet), in sagebrush (5000 feet), and in 
golden-cup oak and baytree woodlands (2200 feet) 

A brushfield at an elevation of about 6500 feet, on the slope of Spanish Peak, 
was comparable in age to Areas A—-C. The coniferous cover was burned in 1926 
and the present woody growth is Quercus vaccinifolia (a shrub), Castanopsis 
sempervirens, Ceanothus cordulatus, C. velutinus, Arctostaphylos patula, and Garrya 
fremontii. Here (in May, 1950), boylei was absent, but maniculatus was quite 
abundant—the mean taken was 16.0 maniculatus per 100 trap-nights. 

In sagebrush (near Beckwith, Plumas County), at an elevation of 5000 feet, 
maniculatus again was the only white-footed mouse present: in April, 1949, the 
mean taken was 4.3 per 100 trap-nights. The only other mouse trapped was 
Microtus montanus although heteromyid rodents were doubtless present. 

The golden-cup oak woodlands generally occupy the ravines in the northern 
Sierra Nevada up to an elevation of about 3000 feet. The most numerous trees 
are golden-cup oak (Quercus chrysolepsis, one of the “‘live oaks’’), maple (Acer 
macrophyllum), and bay tree (Umbellularia californica), although Douglas fir 
and ponderosa pine occur as scattered individuals. These trees, together with 
the tangle of poison oak (Rhus diversiloba), absent above 3500 feet, create a 
totally different type of forest from that of Areas E-G. Two such woodlands 
were trapped in May and June, 1950. Although both kinds of white-footed mice 
were trapped there, boylei was more numerous—the two traplines yielded 1.7 
and 2.7 boylei and 0.7 and 1.3 maniculatus per 100 trap-nights for May and 
June, respectively. 

Thus, ‘habitat preferences” of the mice, so clear-cut in the six study areas, 
seem to change at slightly different elevations where additional cover types 
may be encountered. P. boylet abounds in the brushfields at 3500-5000 feet and 
shuns adjacent coniferous forest areas; however, it was absent in a brushfield 
at [500 feet, and dominant in a forest of oaks, maples, and bay trees at 2200 
feet. P. maniculatus, a dweller of the coniferous areas between 3500 and 5000 


feet, was the only white-footed mouse taken in sagebrush at 5000 feet and in a 
brushfield at 6500 feet; in the hardwood forest at 2200 feet it was less common 
than boyl 

The apparent contradiction in the environmental distribution of P. maniculatus 
and P. boylei may well stem from our ignorance of their habits. If traplines are 
adequate for determining the relative abundance of the two deer mice in any 
one area, there can be two explanations for the apparent variation in their 
habitat preferences: either the mice have markedly different habitat require- 
ments in slightly different parts of their geographic ranges, or we have an in- 
complete concept of habitats. The latter may be correct. It is very common to 
describe habitats by listing the most numerous or most conspicuous vascular 
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plants, as has been done in this paper. Sometimes other physical features such 
as rocks, soil, and water are considered. What is meant, of course, is that a 
certain comb‘nation of plants or plants and other features create satisfactory 
living conditions for a certain kind of animal; but what these conditions actually 
are usually remains a mystery. From the situation described here, it is apparent 
that totally different types of cover may supply the needs for one kind of mouse; 
from the standpoint of the mouse, these “different”? habitats may be quite 
alike. It is urged that we consider habitats from the point of view of the animal 
we are studying, and attempt to determine both the degree of specificity of its 
food, homesite, and cover demands, and the degree to which the different habi- 
tats meet these demands. These classroom platitudes are frequently neglected 
in actual studies of small mammals; too seldom we see an attempt to associate 
the anatomy or known habits of a species with its environmental distribution. 
Although progress is being made for some of our game species, in discussing the 
neutral and destructive species we tend to adhere too closely to a mere plant- 
naming concept of habitats. 

To date there is nothing of the known habits suggesting the cause for the 
environmental separation of Peromyscus maniculatus and P. boylei. Doubtless 
the presence of one species affects in some way the abundance of the other. 
The food of these two mice is now being studied and the results may explain, 
in part, their local distribution. 

Acknowledgments.—The suggestions of Dr. Tracy I. Storer have assisted the 
progress of this study. Dr. John M. Tucker helped in identifying the plants. The 
U. S. Forest Service has generously supplied living and working quarters, 


enabling me to be in the field at all seasons 
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DEVELOPMENT OF THE OS GENITALE IN THE GOLDEN 
HAMSTER, MESOCRICETUS (CRICETUS) AURATUS 


By RoBerRDEAU CALLERY 


With the exception of the recently published paper by Beatty and Hillemann 
(1950) on osteogenesis in the golden hamster from the twelfth prenatal day 
through the seventh day postpartum and that by Pedersen (1949) on the ossicles 
of the semilunar cartilages of certain rodents, no accounts have been found on 
skeletal development in the golden hamster. The present paper is confined to 
the development of the os genitale in this animal. The term, os genitale, is 
introduced by the writer to designate either the baculum of the male or its 
homologue, the os clitoridis, of the female. Details of postnatal ossification in 
the long bones of the appendages and in the sesamoids of the elbow and knee 
joints of the hamster are to be considered at a later time. 

Materials and methods.—The hamster stock used in this study was obtained 
by inbreeding from a single pair of animals. All hamsters were maintained on 
a standard laboratory diet consisting of Purina Laboratory Chow as the staple 
and supplemented occasionally by sunflower seeds, greens and apples. Breeding 
females were given an additional ration composed of powdered whole milk, 
wheat germ and liver meal. 

The age recorded for each animal is the maximum postnatal age possible, 
with a maximum error of twelve hours less than the stated age. Observations 
were made on one hundred and nine specimens ranging in age from the time 
of birth to twenty months. The specimens were taken at twelve-hour intervals 
from birth through one week of age, at twenty-four-hour intervals from one week 
to one month, at five-day intervals from thirty-five to fifty days, and at less 
frequent intervals thereafter. Insofar as practicable specimens of both sexes 
were used for each age and more than one specimen of each sex was used for 
critical ages in bone development. All specimens were prepared for study in toto 
by clearing with potassium hydroxide and staining with alizarin red S 

Results—In the female hamster the os genitale ossifies from a single center 
which is present at 5.5 days. This center gradually elongates, and by 15 days 
it is dorso-ventrally flattened and has an hour-glass outline in ventral view 
(Fig. 1A). By 50 days this structure has attained its maximum length. The 
proximal portion has become gradually thickened, expanded, and grooved mid- 
ventrally, and the bone is spatulate in shape (Fig. 1B). By six months the proxi- 
mal portion appears somewhat thinner than at 50 days and more finely developed, 
with two pairs of spinous projections directed ventro-laterally (Fig. 1C). At 
six months the entire structure is slightly arched dorsally. Older specimens 
showed no appreciable deviation from the six-month specimens in regard to 
development of the os genitale. This bone remains relatively small and simple 
in the female. 

By contrast, the os genitale, or baculum, of the male is an elaborate, distally 
pronged structure, attaining considerable size and showing three or four ossifi- 
cation centers—one primary center for the body of the structure, one secondary 
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Fic. 1.—Ventral (A-G) and lateral (H) views showing stages in the development of the 
os genitale of the golden hamster. Cartilage stippled. Note groove in midline in B, C, and 
G. Camera lucida drawings 


center for each of the two lateral prongs, and sometimes a fourth center for the 
third dorsal prong. The primary ossification center is present at three days, 
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which is earlier than the ossification time of six days recorded by Beatty and 
Hillemann (op. cit.). This center gradually elongates and becomes expanded at 
both extremities particularly so at the proximal extremity. Distinct secondary 
centers may be found in two of the lateral cartilaginous extensions at 80 days, 
at which time the proximal portion of the body of the baculum has become 
markedly expanded laterally and grooved ventrally. By twelve months these 
centers have enlarged considerably, though the entire baculum appears some- 
what smaller and finer than at six months; also, a center may be present for the 
third distal extension, which is situated mid-dorsal to the other two. The occur- 
rence of this last center is variable. It was present in two of three twelve-month 
specimens and not in the single twenty-month specimen. In the latter specimen 
a small amount of cartilage still remained at both extremities of each lateral 
prong. Line drawings of the baculum at several ages are shown in Figures 1D 
to H. 

Discussion.—Several suggestions have been made as to the function of the os 
genitale, although Ruth (1924), with reference to the baculum, states that no 
single explanation has been found satisfactory in all cases. Blandau (1945), in 
his study of the rat, considered that the baculum and other projections on the 
glans of the male function in conjunction with the cervix of the famale during 
ejaculation. Though the os genitale of the hamster does not reach maximum 
development until late in the animal’s reproductive life, detailed studies of copu- 
lation may show that this structure is of significance in reproduction. 

The form of the baculum in the hamster most closely resembles that described 
by Hamilton (1946) for the following Microtinae: Microtus p. pennsylvanicus, 
Microtus c. chrotorrhinus, Lemmus helvolus, Clethrionomys g. gapperi, and Ondatra 
z. zibethica. All of these forms have bacula with three distal projections extending 
from the main shaft. As Hamilton has already noted, the baculum of certain 
cricetines, namely Sigmodon h. hispidus and Oryzomys p. palustris, with its three- 
pronged, though unossified, distal aspect, more closely resembles the type found 
among certain microtines than it does the general cricetine pattern. It is inter- 
esting that the hamster still more closely resembles these microtines in that all 
three distal projections of its baculum may show ossification. 

Mammalian groups in which the os genitale is known to occur have been 
listed by Jellison (1945). To the best of the writer’s knowledge the occurrence 
of the os clitoridis in the hamster has not been previously recorded. Except for 
the notation by Beatty and Hillemann of a baculum found in one 6-day speci- 
men, no reference has been found to the baculum of the golden hamster, although 
Gilbert (1892) and Chaine (1926) have reported its occurrence in related ham- 
sters. 

The writer wishes to acknowledge her indebtedness to Dr. B. Elizabeth 
Horner for her valuable advice and criticism throughout the course ef this 
investigat ion. 


LITERATURE CITED 


Beatty, M. D., ann H. H. HintemMann. 1950. Osteogenesis in the golden hamster. Jour. 
Mamm., 31: 121-134. 








Ma 


Bus 


Cu. 


Gu 


ns 








May, 1961 CAHALANE—RESTORING MAMMALS 207 


Bianpau, R. J. 1945. On the factors involved in sperm transport through the cervix 
uteri of the albino rat. Amer. Jour. Anat., 77: 253-272. 

CuaInE, J. 1926. L’os pénien, étude descriptive et comparative. Actes de la Société 
Linnéenne de Bordeaux, 78: 1-195 

Gitpert, TH. 1892. Das Os priapi der Siugethiere. Gegenbaur’s Morphologisches Jahr- 
buch, 18: 805-831. 

Hami_ton, W.J.,Jr. 1946. A study of the baculum in some North American Microtinae. 
Jour. Mamm., 27: 378-387 


ai 
JeLtuison, W. I 1945. A suggested homologue of the os penis or baculum of mammals 
Jour. Mamm., 26: 146-147 
PepERSEN, H. I 1949. The ossicles of the semilunar cartilages of rodents. Anat. Rec., 
105: 1-9 
Rutu, E.B. 1934. The os priapi: a study in bone development. Anat. Rec., 60: 231-249. 


epartment of Zodlogy, Smith College, Northampton, 
Massachusetts, No. 225 


A PROGRAM FOR RESTORING EXTIRPATED MAMMALS IN 


THE NATIONAL PARK SYSTEM 
By Victor H. CAHALANI 


As defined in the Act of 1916 to establish a National Park Service, the funda- 


mental purpose of the national parks and monuments “‘is to conserve the scenery 


and the natural and historic objects and the wild life therein.” As a result of 


protection of both animals and habitats, the park areas are important sanctu- 
aries for many species which elsewhere have been reduced or extirpated. Never- 
tho] a nN har of for inelid ‘ eons Mone Ms nal area n longer 
theless, &2 number oI forms, including som ) picuous Mammals, are no ionger 
found in the national parks. Some were lost prior to esti blishment of the areas 
and imposition Of strict protective measure For exal iple, the bighorn and the 


antelope were hunted to extinction, or succumbed in competition with domestic 


stock, many years before creation of Big Bend National Park. Other species 


were destroyed within the sanctuaries in the mistaken belief that “control” of 


predators was essential to keeping large popuilat ons of the preferred ungulates. 
Thus the wolf and cougar were extirpated from Yellowstone and the grizzly 
from Sequoia National Park. In these and most other instances of drastic predator 
control, similar or even more ruthless measures were taken outside of the parks. 
Th 


+ 


us any survivors were drained off and destroyed, and restocking by immigra- 


on was prevented. Finally, inadequacy or destruction of essential habitat within 


the parks may have resulted in loss of species having specialized requirements. 
We believe that overbrowsing by elk and virtual elimination of stream bottom 
thickets in the northern Yellowstone were responsible for the disappearance of 
the western whitetail deer. 


The Park Service’s wildlife management program is designed to prevent if 
possible the disappearance of any further species. Its second objective is to 


return to the park areas, as far as practicable, a 


ll forms which have been ex- 


tirpated. Restoration is desirable in furtherance of the legal mandate “to con- 











208 JOURNAL OF MAMMALOGY Vol. 32, No. 2 
serve. .. the wild life.”” Restoration will also fill a vacant biological niche and 
help to restore the original dynamic balance between species. 

Practical considerations as well as idealism must be taken into account in 
returning species to vacated habitats. The majority of the areas which comprise 
the National Park System are too small to accommodate many of the mammals 
which originally inhabited the localities. There is no thought of applying a 
full-scale restoration program to the approximately 55 smaller, historical areas 
which average only a little more than one thousand acres in gross area (in- 
cluding non-F ederal lands within the exterior boundaries). Two of the 28 national 
parks and 63 of the 86 national monuments contain less than 25 thousand acres, 
or slightly over one township. 

National parkways are too elongated to function as wildlife sanctuaries. On 
the other hand, one national recreational area, Lake Mead, is so extensive (1,900, 
000 acres) as to constitute an important wilderness area. (The recreational areas 
and parkways, while not properly units of the National Park System, are ad- 
ministered by the Park Service. 

Although size alone may not determine the significance of an area, it is 
important consideration in most cases. For practical purposes, therefore, we may 
narrow the discussion of restoration of wildlife to approximately 51 areas. These 
comprise 26 parks, 23 monuments, 1 memorial park, and 1 recreational are 

»)») 


a total of 22,590,000 acres. Unfortunately, even some of the larger units with 


as much as a million acres do not afford sufficient year-round living space for 
wide-ranging animals. This lack imposes severe limitations on restocking the 
larger carnivores and some ungulates. 

Regardless of size of area, in view of widespread public prejudice and likelihood 
of damage to livestock and other interests, it is futile at present to restore such 
species as grizzly bear, wolf, and cougar. From the point of view of the biologist 
and wildlife manager, the unwritten prohibition against the more potent carni- 
vores is especially deplorable. These are the predators which might assist in 
stabilizing the numbers of elk, deer, bison, and other herbivores. Indeed, it will 
be fortunate if the public can be brought to realize that the large predators 
should be retained in even small numbers in the parks where they now occur. 

Practical considerations must limit restocking of elk and bison, which may 
conflict with agricultural interests if they leave the parks. Fencing, of course, 
will confine these and other hoofed animals as well as some of the smaller forms. 
Efficient fences, however, are expensive to construct and maintain and have 
unfortunate biological consequences. A more successful solution of this problem 
would be effected by liberalizing state hunting laws to permit removal of animals 
from private lands where they are doing damage. 

Suitability of environmental conditions is also an important consideration in 
determining the feasibility of re-introducing extirpated species. If factors which 
were responsible for the disappearance of the original stock are still present, 
action would probably be futile. Non-recovery of lichens on Isle Royale, it is 
assumed, renders it useless to return woodland caribou to the park. Continued 
pressure by elk on the northern Yellowstone keeps down all palatable shrubs 
and obviates any possibility that whitetail deer would succeed. 
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During the past ten years several wildlife species have been restocked. The 
beaver, whitetail deer, eastern wild turkey, and ruffed grouse seem to be thor- 
oughly re-established in Mammoth Cave Park, and the bighorn and Merriam 
urkey have been restocked on the Mesa Verde Park. The last-named bird, 
however, apparently has disappeared again. The badger has been brought back 
to Wind Cave Park where thriving prairie dog towns offer an ample food supply. 
Antelope or pronghorns are again thriving in Big Bend Park after an absence of 
some 30 years. These accomplishments would have been impossible, in most 
instances, had it not been for the co-operation of the state game authorities in 
Kentucky, Colorado, and Texas, and of the Fish and Wildlife Service. 

This is the modest expansion of a restoration program which, in the earlier 


years of park history, was limited strictly to the conspicuous ‘“‘big game” mam- 
mals. Much more remains to be done. 
With possibly a few exceptions, ungulate species can be returned to park 


} 


areas where they occurred originally only after means have been devised to 


avoid serious conflicts with local economy in surrounding regions. At present, 
only one area offers a major project in the restoration of ungulates. This is Theo- 
dore Roosevelt Park in the North Dakota Badlands. It provides an excellent 
opportunity to recreate the original fauna of this region of the high plains. The 
two species of deer, mule and western whitetail, are present in adequate numbers. 
Antelope will re-establish themselves by moving in from the surrounding country. 
Bison and elk, however, are missing although they were once extremely nu- 
merous. Stock, of course, can be easily obtained. Replacement of the bighorn 
presents a more perplexing problem. The native race, O. c. audubont, is extinct. 
It may be better, biologically, to stock a closely related subspecies than to leave 
the niche vacant. The Rocky Mountain bighorn, a very similar animal, should 
thrive in the badlands environment 

On the grounds of species preservation, there is no need for haste in establish- 
ing new ‘“‘nuclei”’ of deer, elk, antelope, and bison. The game species have ample 
popular support to ensure their preservation. The carnivorous mammals, the 
rodents, and pinnipeds are in much greater danger on the whole. These are the 
species which require most attention in restoring the original mammalian fauna 
of the park areas. They are generally inconspicuous or seldom seen by the 
public. It is difficult to awaken interest in many of them. 


Florida black bears are so scarce in Everglades Park that additional stock 


Z 


1ould be brought in. A number of the rarer mustelids are missing from areas 
in the high plains and Rocky Mountain regions. The black-footed ferret should 
thrive at Wind Cave and Theodore Roosevelt parks, provided a stock of this 
xceedingly rare species can be found. The wolverine disappeared from the 
Yellowstone—Teton area many years ago. The river otter is lacking from Mam- 
moth Cave and Isle Royale Parks where conditions apparently are favorable. 
The northern sea otter was extirpated long ago from the coasts of Katmai and 
Glacier Bay National Monuments, while the southern form once occurred on 
the coastal strip of Olympic Park and was particularly abundant among the 
islands now included in Channel Islands National Monument. The latter may 
be re-inhabited by migration of otters from the bands now present to the north. 
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Kit foxes have disappeared from most of the park areas within the former 
range except those in California. Their living requirements should be satisfied 
in Wind Cave and Theodore Roosevelt Parks. Dinosaur Monument may even- 
tually be suitable, but at present it is poorly protected. Other park areas in the 
Rocky Mountain region which are not too high may also provide sanctuary to 
the kit fox. 

Two species of small cats should be included in the restoration program when 
conditions are favorable. The ocelot is extinct in Big Bend Park and the lynx 
is gone from Isle Royale. There seems to be no reason against replacement of 
the ocelot. At Isle Royale, scarcity of snowshoe hares—a result of too intense 
browsing by moose—renders it unlikely that the lynx would be successful at 
the present time. 

The elephant seal appears occasionally on beaches of the Channel Islands 
Monument and may become a constant resident without direct intervention 
by man. A single Guadalupe fur seal has been reported during the past year on 
San Nicolas Island, which is one of the Channel Islands group although not 
included in the monument. This indicates that natural restocking is not impos- 
sible since the species is not extinct as feared. On the Atlantic coast, the West 
Indian monk seal has entirely disappeared from United States waters. The 
uncertain status of the species in Mexico and the Bahamas (where it may still 
persist) is a further impediment in planning to restore it to Fort Jefferson 
National Monument. 


Among the rodents, the prairie dog is outstanding as a species which was once 





widespread but now extremely limited. Many park areas within its range do 
not afford sufficient area of favorable environment to maintain thriving colonies. 
Little study has been made of the possibilities of restoring prairie dogs to national 
park areas. Wherever present, these rodents are the object of deep popular 
interest. Unfortunately, however, they are a potential administrative and public 
relations problem if they spread across park boundaries. Two rare tree squirrels 
have been found in units of the National Park System. The mangrove fox squirrel 
must be reintroduced in Everglades Park. Chiricahua National Monument is too 
limited in the yellow pine zone to afford any practical value in preserving the 
Chiricahua squirrel. 

This account of the park restoration program is brief and generalized. It is 
presented in the hope of arousing interest in a phase of park management which 
has received too little consideration. 


National Park Service, Washington, D. C. Received July 22, 195 
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POST MORTEM STUDIES OF SOME MAMMALS OF THE 
HOLLANDIA AREA, NETHERLANDS NEW GUINEA 


By Donautp B. VoGrMan AND Ws. D. Firzwater, Jr. 


From January to March, 1945, the authors in connection with the Mammalogy 
Department of the 19th Medical General Laboratory (Col. Dwight M. Kuhns, 
Med. C., U.S. Army, Commanding, and Captain Harry Hoogstraal, Sn. C., 
A.US., Department Head), United States Army, undertook a study of the 
small mammals in and around military installations in the Hollandia area of 
Netherlands New Guinea. The purpose of the study was to determine the in- 
cidence of disease or disease reservoirs among the wild animals indigenous to 
the area. The investigation was considered a pertinent one because the role 
played by small mammals in the transmission of human disease in that part of 
the world is not well known. 

Work was directed toward those diseases known to be carried by wild animals 
in other areas. Bacteriological and virological studies were conducted, ecto- 
parasites and endoparasites were collected, blood smears were examined for 
blood parasites, and tissues and pathological material were saved for examina- 
tion. After post mortem work was completed, study skins of the mammals 
were prepared and the pertinent data was recorded for each. The United States 
National Museum was supplied with representative series of skins and skulls 
from these mammals. 

Preliminary identifications of mammal specimens were made in our labora- 
tory by Stanley G. Jewett, Jr. Mr. Jewett also helped conduct the live trapping 
operations and the rodent control work at the base. Final species determinations 
were made by Mr. Ellis Troughton, Curator of Mammals, the Australian Mu- 
seum (then with the Australian Scientific Liaison), and by Dr. Remington Kel- 
logg, Curator of Mammals, United States National Museum. 

Mammals autopsied included 20 bats, Hipposideros galeritus cervinus Gould; 
5 bandicoots, Echymipera doreyana (Quoy and Gaimard); 1 water rat, Hydromys 
esox illuteus Thomas; 1 file-tailed rat, Uromys validus subsp.; 13 jungle rats, 
Melomys spp.; 10 roof rats, Rattus rattus doriae Trouessart; 8 spiny-haired rats, 
Rattus mordax subsp.; and 101 common native rats of the concolor group, Rattus 
browni aitape Troughton. The latter species was by far the most common rat 
associated with military installations in Hollandia and was found in and 
around tents and buildings throughout the base. The only other species which 
could be considered common was the roof rat, R. r. doriae. 

Bacteriological studies The mammals were collected and autopsied in the 
Mammalogy Department and the bacteriological material was given to the 
Bacteriology Department for culture. Bacteriological work was carried out by 
David Paretsky. The procedure was as follows: Samples of heart blood, liver, 
spleen, kidney, and lymph node from each animal were pooled and cultured in 
nutrient broth for 24 hours. Transfers were then made into SS, EMB, and blood 
agar plates for colony isolation. Colonies were picked and subcultured from 
these media and tests necessary to identify the organism were made. All lesions 
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and diseased tissue were cultured in a similar fashion. Sterile instruments and 
operating technics were used insofar as was possible under field conditions. A 
hood was placed over the autopsy table in order to minimize contamination from 
outside sources while collecting the culture material. 

Tissue culture seldom revealed the presence of any pathogenic forms. As a 
whole, the rats were in good health and little pathological material was found. 
Staphylococci were isolated twice from R. b. aitape specimens and twice from 
R. r. doriae. Streptococci were found twice in pooled tissues from R. b. aitape. 
Staphylococci were isolated from two R. b. aitape with subcutaneous abscesses. 
Zentner’s (1940) studies of rats in the United States often revealed the presence 
of Staphylococci. Escherichia coli was isolated from the lesions in a generalized 
infection of one specimen of R. b. aitape. 

Two fecal pellets from each animal were placed in Selenite F (Difco) for the 
isolation of enteric pathogens. After 12 to 18 hours’ incubation, SS and EMB 
plates were streaked for pure culture isolation. The common, non-pathogenic, 
enteric bacteria were well represented. These included Escherichia coli, Alkali- 
genes fecalis, Aerobacter aerogenes, Pseudomonas (sp.?), and Proteus (sp.?). The 
only Salmonella-like organism found was one which proved to be Paracolon 
(sp.?). The absence of enteric pathogens from the fecal cultures is possibly a 
reflection of the high degree of sanitation practiced at that base. Sewage and 
waste were well disposed of in areas where rats were trapped. Native villages 
were not located close to military installations and were not considered to be 
within the cruising radius of the rodents. 

Because the Shigellae were the most common etiologic agents of diarrhea in 
this area, an experiment to artificially infect several R. b. aitape with Shigella 
sonnei Was attempted during the study. Rats were fed bread saturated with a 
24-hour broth culture of the organisms. Fecal samples were taken at two-day 
intervals for ten days thereafter. No positive isolations were made and none of 
the rats became sick. 

Peritoneal washings and urine samples from 125 rats were examined with a 
darkfield microscope to determine the extent of leptospirosis in these rodents. 
Leptospira organisms with morphological characteristics similar to those observed 
in stock cultures of L. icterohaemorrhagiae were found in the peritoneal washings 
from one rat, a R. b. aitape. Guinea pigs and laboratory rats failed to develop 
any symptoms of the disease after being inoculated with the peritoneal wash- 
ings from the infected rat, and darkfields of their blood and urine remained 
negative for spirochaetes. Darkfields occasionally revealed flagellated protozoons, 
including an unidentified trypanosome. Bacteria, notably cocci and diplococci, 
were oiten seen. 

Blood studies.—Thin smears of the blood from more than 100 rodents were all 
negat ive for blood parasites. Two bandicoots, E. doreyana, proved to be positive 
for Haemogregarina (sp.?), a blood protozoon which was later identified by Dr. 
Paul Thompson of the Tulane Medical School. The Haemogregarina group is not 
known to be of importance in human medicine. Blood films from 20 bats, H. g. 
cervinus, proved to be negative when examined for bat malaria. 
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Entomological studies —In all, 524 mammals, including many taken in live 
traps, were individually examined for ectoparasites. This number included 384 
rodents, 266 of which were R. b. aitape, and 29 bandicoots, #. doreyana. Only 
one flea was found on the rodents, this on a specimen of R. r. doriae. It was 
identified in the Entomology Department of the laboratory as Xenopsylla 
cheopis Roth., the Oriental rat flea. The bandicoots were much more heavily 
infested; 8 of 30 specimens harbored 21 fleas, a flea index of .70. These fleas 
were not identified. 

Mites were the most numerous ectoparasites found. Trombiculid mites were 
found on the common native rats, R. b. avape; on the bandicoots, E. doreyana; 
and on one species of bat, H. g. cervinus. The rats were hosts for Neoschongastia 
perameles Womersley and Walchia disparungut: Oudemans), the bandicoots for 
Vw par ( ‘unther and N. peran les, and the bats for Tron bicula pi ilipst Wom- 
ersley (MS). The mite identifications were made by the junior author and were 


later confirmed by Dr. H. Womersley of the South Australian Museum. To date 


none of these species of mites appears to have been incriminated in the trans- 
mission of scrub typhus About the time this work was completed, a case of 
scrub typhus was reported from the Hollandia area. An investigation by the 
Base Surgeon’s Office revealed that this exposure apparently came from the 
deep grass on the southern slopes of the Cyclops Mountains at an elevation 
above that usually reached by military personnel. A study of the mite species 
on the mountain slopes was precluded by movement of the unit from the area. 


More common than the Trombidoidea mites were the acarina belonging to 


the superfamily Parasitoidea. This group contains a number of species and 
me le ae one ae: a 
genera known to be parasitic on small rodents though their medical significance 


is uncertain. Dr. Womersley identified specimens ol Echinolaelaps melomys 
Womerslev from the jungle rat: Melomys sp., Laelaps nuttali Hirst, and Echino- 


laclaps echidninus Berlese from R. b. aitape, in addition to a number of probable 


new species of Laelaptidae from the bandicoots, E. doreyana. Ewing (1929 stated 
that E. echidninus is known to transmit a fatal protozoan disease among white 
r but, although a common parasite on house rats, is not known to attack 
ni 

Lice were found on R.b avtape, R. morda and E. doreyana Specimens of 


R D. attape taxen in deep kunai grass were heavily infeste 1, while those taken 


s were relatively free of lice. Spiny-haired rats, R. mordax, and 


bandicoots, EL. doreyana, occasionally harbored lice. Specific ident ification of these 


lice and other ectoparasites will appear in a later paper. 
Ticks were extremely rare on the rodents, but the bandicoots were often 
heavilv infested. some carrving a dozen or more individuals. These were all of 


the family Ixodidae, but specific identifications have not been made. As a group, 


the b ndicoots vere more hea ily infested with ectoparasites than were any 


other mammals taken. However, these animals do not have such intimate con- 
tact with man as do many of the rodents studied and they probably are of no 


importance as an animal reservoir of human disease. 


One hundred and ten bats, including 106 H. g. cervinus and 4 Aselliscus 
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tricuspidatus (Temminck), were examined for ectoparasites. Trombiculid mites, 
T’. philipsi Womersley (MS), were commonly found on the wing membranes of 
the former species. Two species of parasitic Diptera were found. These were 
identified by Dr. J. C. Bequaert of the Harvard Medical School as Nycteribosca 
minuta Jobling and Raymondia pagodarum Speiser. Both species were found on 
H. g. cervinus. Only the latter species was found on A. tricuspidatus. 

Parasitological studies.—All endoparasites found in the autopsied animals were 
saved and stored in formalin for later identification and study. None of those 
examined resembled known human parasites. Small nematodes belonginz to the 
Strongyloidea were found in the intestines of most of the R. b. aitape. Approxi- 
mately a third of the specimens of this species were infested with cestodes and 
a lesser number with small trematodes. Melomys sp. were parasitized with tape- 
worms which were found in about three-fourths of the specimens examined. 
Nematodes were found in about a third of the Melomys sp. autopsied, but 
trematodes were rare. Bandicoots were heavily parasitized with nematodes and 
cestodes and to a lesser extent with trematodes. About 40 per cent of the bats, 
H. g. cervinus, studied harbored endoparasites. Large tapeworms were most 
often found, and small flukes and pin worms were common. These parasites are 
probably of little or no importance from the standpoint of human parasitology, 
but the account of the extent of endoparasitism is included for its general in- 
terest. 

Animal inoculations—All inoculations of laboratory animals for routine 
studies of plague infection were carried out in co-operation with the Veterinary 
and Virology Departments. The technic of pooling tissue, emulsifying it in sterile 
normal saline, and inoculating into laboratory animals was used. The method 
was patterned after that of Dr. Karl F. Meyer (1938) and was the best known 
approach to the problem in the absence of fleas. White mice were used for the 
laboratory animals as Douglas and Wheeler (1943) found these animals very 
susceptible to intraperitoneal inoculations with small numbers of Pasteurella 
pestis organisms. Pieces of the liver, spleen, and lymph nodes from 10 to 15 
animals were pooled, washed with sterile, normal saline solution, ground with 
sand, and suspended in a proportion of 5 to 10 per cent in physiological salt 
solution. Cultures were made on blood plates and contamination was found to 
be negligible. Two-tenths cubic centimeter of the suspension was then injected 
intraperitoneally into the mice. When guinea pigs were used, 1 to 2 cc.. was 
injected subcutaneously. Organs from 65 rats (36 R. b. aitape and 29 R. r. doriae) 
were pooled into six lots, three for each species, emulsified, and injected into 
white mice and guinea pigs in the manner described. Not less than four mice 
were used for each lot. The findings were all negative for the plague bacillus. 
The rats represented a fair cross-section of these two species for the area, since 
they were taken from installations scattered throughout the base. Gross exami- 
nation of more than two hundred rats failed to reveal the presence of buboes, 
mottled-granular liver, congested spleen, pleural effusion, or any other evidence 
of plague. The number of rats used is admittedly small and definite conclusions 
should not be drawn from the findings. However, the almost total absence of 
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rat fleas in this area must be regarded as a limiting factor in the transmission of 
plague. This is also true of murine typhus. 

Conclusions and summary.—1. Mammals autopsied from military installations 
at Hollandia, Netherlands New Guinea, were found to be generally healthy, and 
of negligible medical importance. Only two species of rodents, Rattus browni 
aitape and Rattus rattus doriae, were found closely associated with military 
establishments. Of these, only R. b. aitape occurred in sufficient numbers in the 
Hollandia sector to deserve consideration from the aspect of military medicine. 

2. Studies to determine whether rodents were carriers of enteric pathogens 
failed to reveal the presence of bacteria of the Shigella—Eberthella—Salmonella 
group among the wild mammals autopsied. An attempt to artificially infect the 
rats with stock cultures of Shigella sonnei was unsuccessful. 

3. Leptospira organisms with morphological characteristics similar to those 
observed in stock cultures of Leptospira icterohaemorrhagiae were found in the 
peritoneal washings from only one rat, a R. b. aitape. 

4. Blood studies of more than 100 rodents, mainly R. b. aitape, were negative. 
Two bandicoots, Echymipera doreyana, were positive for Haemogregarina sp., a 
blood protozoon not known to be of medical importance. 

5. The species of Trombiculid mites found on rodents in and around the 
military installations have not been incriminated in the spread of scrub typhus 
up to the end of this study. Parasitic mites while very common were not known 
to attack man. Lice and ticks were collected during the study, but are not 
believed to be of medical importance. 

6. Endoparasites were collected and saved for identification. Nematodes, 
trematodes, and cestodes were all well represented, but are probably of no sig- 
nificance in human helminthology. 

7. The almost total absence of rat fleas may be considered a limiting factor 
in the transmission of either bubonic plague or murine typhus in the area. No 
evidence of either disease was found. 
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GENERAL NOTES 
SEXUAL DIMORPHISM IN THE PELVIC GIRDLE OF 
MICROTUS PENNSYLVANICUS 
DPD 


While analyzing a group of barn owl pellets from the Pennsylvania Mammal Survey, 
the innominate bones of Microtus pennsylvanicus were found to be of two easily recognizable 


shapes. This has been found to be directly correlated with sex 
es of 112 Microtus 





A standard set of four measurements was taken upon the innomir 






‘ t 
pennsylvanicus, 58 males and 54 females, from the collections of the Carnegie Museum of 
Pittsburgh and 117 of unknown sex from barn owl pellets, making a total of 229. This study 
is based only upon the 112 specimens about which data is known. Measurements were all 
made by the writer with vernier calipers with the aid of a | inocular dissecting microscope 
and recorded in millimeters and tenths of millimeters 
I wish to thank Dr. J. Kenneth Doutt of the Carnegie Museum 

Neil D. Richmond, field supervisor of the Pittman-Robertson projects comprising the 
Pennsylvania Mammal Survey, for their advice and helpful e1 is! ) 
wish to thank the field collectors of the Pennsylvania Mammal ve 


taining the necessary specimens 


Aside from a more massive appearance in some males, the shape of the ilium remains con 








stant in both sexes, but the appearance of the post-acetabular portion of the innominate is 
widely different. In contrast with the male, the pubic bone of the female is thin and at 


tenuated and the posterior inferior angle of the innominate is much more acute than in the 
the 





male (Fig. 1 The bony walls of the ischium and the pubis surrounding 


turator foramen are much more extensive in males giving this portion of the innominate a 
heavy and clumsy appeara 

The general appearance of the post-acetabular portion of the int 
is that of a triangle in which the pubic bone serves as the hypotenuse. 
is decidedly oval, the triangle effect being obscured by the heavy w 


muscle attachments. No two innominates were alike in detailed sha 


tions appeared to hold true in the specimens examined 





Sex could be determined by the gross shape of the innon 


data on the labels) in all but five of the 112 examined. Of these fiv 


1 





three were of young individuals with the sutures still distinct or 


measured 16.8, 16.9, and 18.3 mm., respectively, in total leng 





was that of a male, but the shape of the innominate was intermediat¢ 
referred to either se) 


The upper or ischial arm of the innominate is longer in proportion to the lower or pubi 





arm in the males as can readily be seen from the illustration. This seems to be due to the 
more extensive muscular attachments on the male pelvis. In 58 males upon which data are 
available, the ilial arm averaged 12.8 per cent shorter than the pubic arm (0-27 per cent 
In 44 females the average was 24.5 per cent or 11.7 per cent short than in males (13.1-32.2 
per cent 

The single measurement found best for distinguishing the sexes was the width of the 


pubic bone at its narrowest point, measured from the superior to the inferior border. The 





pubic bone of the male was consistently heavy while that of the female was ver thin. In 
males of all ages the average width of the pubic bone is .89 mm. or more than double tha 
of the females, .43 mm. The width of the pubic bone increases with age in both sexes, but 
is consistently narrower in females throughout the growth of the animal 

In male Microtus the symphysis pubis is closed at all ages. In young specimens of both 
sexes the symphysis is closed by cartilage, but in older females the symphysis is usually 
open The distance across the open sy mphysis is | igh] variable in the specimens examine 1 
but this is believed to be due to the methods of preparatio! of the skeleton, shrin e trom 


drying, looseness of ilio-sacral attachments, etc. There does appear to be a trend 
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4 , ent +} Cre . , ] ir ‘ CG ] 
185. 1948 It mneequent , ’ - the 

é é { s Florida, in December 1949. This S en #f 
. ee 1 was prest i> & 3 Tae pers 
Mr. Will Hays when the animal was disturb. r-drawn weed 
W ng throug! fl ods pasture. The spe é 3 preserve n | 
re I sence pigment in the Ss, Was a f 1 in life 

Skins two other noteworthy specimens of S n I in reg 
were esented the department | Dr. C. Brook Worth. Specimer 
br er than normal, especially the basal part of the hair wl is usua 
Dors the agouti coloration is apparent, but ventrally the hairs are 
This specimen was taken by Dr. Worth in Tampa, Florida. The other 
was en by Mr. Don C. Wisler, 20 miles hwest o mpa, and 
both above and below. The agouti coloration is g ly subdued and is 
a broad, median, dorsal band which is brownest on the rump 

rhe coloration of specimen # 243 in the mid-dorsal region was determi 
Coogle, Artist and Research Assistant, as being between Prout’s b I 
of Ridgw s Color Standards and Nomenclature. Spe é #293 is ay 
lor as #243, but is much darker 

These two dark-colored specimens have been exa ed by Dr. W. E. ¢ 
tively concludes, in the absence of critics! breeding tests that they a 
& mutation from black to brown pigmentation, involving a change of 
sive allele b.—H. B. SHerman, Department B yy, University of Fl 
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rs and the number of individuals 1 is too sn ) justify an 
hi four female pelvic girdles ined 1 the results are 
s: In seven females whose innominates ranged from 13.4 to 19.3 mm 
: illip ous and the symphvsis pubis s close One ry 19.1 m 
I symp! 3; was open. In 27 fe ales v.4 24.9 ital lengtl 
luals had the symphvsis ove , ht. fi | eee eee 
cies. O dul lJ nno 22.1 had the 
f S lable as to its reproduc is. Two specime 
22.1 and 22.5 m1 to length of innomi: é ibelled | 
ere does ppe to be evide of r I yf the p 
rep¢ 1 in Geor His Jour. Exp. Z $2: 411-433, 1925), 1 
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MARCH LITTERS OF RACCOONS (PROCYON LOTOR) IN MICHIGAN 


While gathering data for an animal biography of the raccoon, several March litters were 
encountered during 1950. Fortunately reproduction of raccoons in Michigan has been re- 
cently summarized by Stuewer (Jour. Wildlife Mgt., 7 60-73, 1943). Of ten litters examined 
by Stuewer he concludes that all were born in April or May. Apparently there are no 
records of March litters in the literature; therefore, the following data on three litters is 
presented. 

Mr. Lon Dickerson found a litter of six on March 22 in the hay mow of a barn, about 
five miles northeast of Ann Arbor, Michigan. He stated that the young still had the dried 
placentas present when found, and estimated that they were born about March 20. George 
first examined this litter on March 25, there were three males and three females. These 
young were hand raised, but died on April 4 when their eyes were beginning to open. In 
a litter of captive raccoons raised by their captive mother, the eyes opened on the 2lst day 
after birth. If this held true for the above litter, the date of birth would have been about 
March 14. 

Another litter was first recorded on March 24, when the young were heard crying in a 
beech tree about ten miles east of Ann Arbor. This female had been observed regularly in 
this den since March 10, as she could be seen from the ground. The young were first ex- 
amined on April 2 when two males weighed 270 and 260 grams and one female weighed 190 
grams. The eyes and ears were still sealed. Comparable weights in the above mentioned 
captive litter were reached on the 14th day after birth. This would place the date of birth 
of the second wild litter at about March 18. The female moved these young after this 
examination and they were not found again. 

The third litter, three males and two females, in a white pine stump about eight miles 
northeast of Ludington, Michigan, was first examined on April 2 by Stitt. On that 
date the young were at about the same stage of development as the second litter men 
tioned above, which would place the probable date of birth at March 18. 

Gestation in the captive litter already mentioned was at least 65 days, as an adult male 
was placed with this female from February 23 to 27, 1950, and the litter was born May 3. 
Therefore, these mid-March litters must have been conceived during mid-January, 1950 
January, 1950, was unseasonably mild with a monthly mean, at Ann Arbor, Michigan, of 
32.6°F., which is 9.2°F. above normal. Indeed, January of this year was warmer than 
February or March. It would appear that these early litters are correlated with the un- 
seasonably warm weather of January.—Joun L. GeorGce aNp MERLE Stitt, Department of 
Zoology, Vassar College, Poughkeepsie, N. Y., and School of Natural Resources, University 
of Michigan, Ann Arbor, Michigan. Received September 14, 1950. 


RACCOON (PROCYON LOTOR) MORTALITY IN SOUTHERN IOWA 


From October 25, 1949, to March 13, 1950, while engaged in research on the 7713-acre 
Decatur County Quail Research Area in southern Iowa, ten dead or dying raccoons were 
observed. Post-mortem changes were so extensive in seven of the animals that no obvious 
sause for death could be determined. The three remaining were observed alive. One was 
reported on October 25 by a farmer as ‘‘acting tame.’’ The farmer scratched the animal’s 
back with a rifle barrel, tied binder twine around its neck, and led it into a granary. Al- 
though in good flesh, the animal was dead the next morning. A second raccoon, a male, 
was located in a cornfield by a small dog in the early afternoon of November 18. Although 
outweighing the dog, the raccoon put up little fight and was killed. This animal was heavily 
infested with lice, especially around the eyes. A third raccoon, a female, was observed ly- 
ing on the ice of a small stream on March 13. The animal’s breathing was labored, and she 
persisted in keeping her forefeet curled around her muzzle. She was killed, and an autopsy 
was performed. The heart appeared flabby, and the lungs contained numerous petechial 
hemorrhages. Similar gross lesions were noted in another raccoon submitted for diagnosis 
from southern Iowa in January, 1949, by a State Conservation Officer. Bacteriological cul- 
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tures of the liver, spleen, and lungs from this specimen were negative for pathogenic bac- 
teria.—RosBert E. Mancoup, Jowa Cooperative Wildlife Research Unit, Iowa State College, 
Ames Iowa. Received October 9, 1950. 


PREDATION ON SHREWS BY FROGS 


Although one is accustomed to consider shrews as possible predators on amphibians, 
two recent examples of the occurrence of Sorex cinereus in the stomachs of Rana pipiens 
are here reported. 

In August, 1948, students in parasitology at the University of Minnesota Biological 
Station, Itasca State Park, Minnesota, brought to the ecology laboratory a large leopard 
frog and partially digested masked shrew which had been found in the stomach of the frog. 

On August 7, 1950, while with members of an ecology class near Waubun, four large 


4m 


(60-72 mm., body length) leopard frogs were opened to ascertain their food habits. The 





largest one, a female, contained a w 28 mm.) leopard frog and a partially 
digested masked shrew. Each of the other large frogs contained one or two small frogs and 
several insects or spiders. 

In both cases the animals were found in a grassy meadow where leopard frogs were 
abundant and where there were suitable places for the masked shrew.—Wi.Luiam H. 
MarsHALL, University of Minnesota, St. Paul 1, Minnesota. Received September 28, 1950. 





BAT, MOLOSSUS NIGRICANS, EATEN BY THE RAT SNAKE, ELAPHE LAETA 
While hunting for snakes on the evening of July 23, a group of us found a wounded rat 


snake, Elaphe laeta, shortly after dark at the side of the highway two miles south of Ciudad 


ta I 


Victoria, Tamaulipas, Mexico. Its stomach contained an adult male Molossus nigricans 
Miller which seemingly had been eaten a few minutes earlier. Save for the crushed skull, 
which probably resulted from the same blow that wounded its captor, the bat was in good 
condition. Circumstances indicate that the bat was captured by the snake while it was 
hanging in its daytime retreat near the scene of the accident 

The only other record I have been able to locate of the occurrence of this bat in Tamauli- 
pas is that of one specimen from Alta Mira (Miller, Proc. Acad. Nat. Sci. Philadelphia, 
p. 396, 1902 

External measurements, in millimeters, of this specimen are: total length, 137; tail, 53; 
ear from notch, 14; tibia, 21; foot, 15; forearm, 56; thumb, 8; 2nd finger (metacarpal plus 





digit), 48; 3rd finger, 100; 4th finger, 77; 5th finger, 50. Save for shorter total length, and 
nger hind foot and forearm, these measurements agree well with those of the type speci- 
men (Miller, loc. cit W. B. Davis, Department of Wildlife Management, Texas A. and M. 


U 


Texas. Received September 14, 1950. 


College, Colles 


ge Station, 
LABORATORY COPULATIONS AND GESTATIONS OF PORCUPINE, 
ERETHIZON DORSATUM 

Since the first two gestation periods of Erethizon dorsatum were published (Shadle, Jour. 
Mamm., 29: 162-64, 1948), two additional unpublished figures have been obtained, and 
although many more figures are desired, and eventually will be obtained, it seems advisa- 
ble to report from time to time the progress made in accumulating additional data 

The data on the copulation dates, together with the length of the resultant gestation 
periods and the terminal parturition dates will aid in establishing (a) the usual time limits 
of gestation, (b) the mean gestation period, (c) the range limits and distribution in copu- 
lation dates. and (d) the range limits and distribution of parturition dates in captive por- 


cupines in certain areas and under certain conditions. 

The new figures cited in this paper apply to captive porcupines under laboratory condi- 
tions, but they give us definite information about porcupines, where heretofore we have 
had only conjecture and estimates on these phenomena. Adjustments may have to be made 


from the laboratory data for porcupines living under wild conditions, but the laboratory 
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results represent a distinct advance in the information about the life history of these in 
teresting animals. 

Table 1 summarizes (to June, 1950) the results of our breeding of porcupines in captivity 
at the Vivarium of the University of Buffalo, brings together new data on porcupines not 
previously published, and presents other data scattered through recent literature. 

Of the seven laboratory copulations.of ‘‘Old Maudie,” the first three (1940, ’42, an °43 
were not observed, but each produced one porcupette, a nursing young (Shadle, Ward’s 
Nat. Sci. Bull., 24:5,6,11, 1950). (In the laboratory, nursing may continue to the age of 
four or five months, at which time the porcupette weighs several pounds. The statements 
that porcupines are weaned at a week or ten days of age, and that they are on their own 
and subsist on solid food from that time, appear from our observations in the Vivarium to 
have no factual foundation. Very little solid food is taken during the first month; after 
that it is gradually increased.) The last four copulations (1944, ’45, ’47, 47) were witnessed, 
but no young were produced. ‘‘Old Maudie’’ had come into the Vivarium as a mature 
animal, and at the time of her last two copulations (’47) she had been in the laboratory 
for ten years. It is believed that she was probably too old to produce young after 1943 
because “Old Dad” and ‘Johnie, 


the two males to which she bred the last four times 


TABLE 1. Porcupine copulations and gestations at the Vivarium, Department of Biol 


University of Buffalo 





DAM AND AGE SIRE AND AGE COPULATION | GESTATION oy 
“Old Maudie”’ “Old Dad” ? 12— ?—-40 ? 7-22441 ? , 482.0 
“Old Maudie” ? ~ Old Dad” ? 10-— ?-42 ? 5-18-43 2, 403.¢ 
“"Old Maudie”’ ? “Old Dad’”’ ? 12— ?-43 7- 7-44 | o, 590.0 
“Old Maudie”’ ? “Old Dad” ? 11-18-44 
‘“‘Nightie”’ 3.5 y1 “Old Dad’’ ? 11-26-44 | 209 da. | 6-23-45 | 9°, 604.5 
“Old Maudie”’ ? “Old Dad” ? 11-20-45 
‘*Prickles”’ 3.5 vr “Johnie” 5.5 yl ll- 546 217 da 6-10-47 Y, 413.9 
*“Old Maudie’”’ * Johnie’’ 6.5 yr 10-30-47 
“Rosie’”’ ‘‘Johnie”’ 6.5 yr ll— 3-47 | 205 da 6-25-48 > , 402.7 
“Old Maudie’”’ ? “Johnie’”’ 6.6 yr 12—- 547 
**Rosie’’ ? **Peterkin”’ 1.33 yr 9-17-49 | 210 da 1-15-50 | o”, 542.0 


are known to have been virile when she bred, because other females bred to these males 
during the same time, produced offspring. 

On November 26, 1944, the female ‘‘Nightie’’ was three years and six months old when 
she copulated for the first time. ‘‘Prickles’’ was approximately three years and six months 
old at the time of her first copulation on November 5, 1946. ‘‘Rosie’’ was taken as a mature 
animal so nothing is known of her age at the time that she first copulated in the laboratory 
She may, or may not, have borne young previously in the wild. She copulated in the Vi- 
varium in ’47, and ’49 and produced a porcupette each time. Her last one, a male, was very 
well developed, but was found dead the morning it was born 

“Old Dad,” a wild-caught adult male of unknown age, copulated six times and sired 


four porcupettes in the eight years he was in the Vivarium. Although he continued to be 





sexually aggressive to his last day, he had become so infirm that he had to be destroyed. 
In May, 1941, ‘‘Johnie’”’ was taken in the wild by a Caesarian section performed by Donald 
A. Spencer of the U. 8. Fish and Wildlife Service, Denver. ‘‘Johnie’’ first copulated at the 
age of five years and six months. During approximately six years in the Vivarium, ‘‘Johnie” 
copulated four times, two of which produced young, but ‘‘Old Maudie,”’ as explained above, 
did not produce young the two times that she was served by him. ‘‘Peterkin,’’ a young male 
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copulated for the first time at one year and four months of age, and he .sas sired one por- 
eupette to date. He shows great promise as a testing male and future breeder. 

Struthers (Jour. Mamm., 9: 300-308, 1928) reported the gestation period to be sixteen 
weeks for a female porcupine which he saw copulate on January 20, 1927, because sixteen 
weeks later. on May 13, 1927 


, she gave birth to a porcupette. Since the porcupines in the 
region are known to breed 


in the fall and give birth to young usually the following May 
or June, a gestation period of sixteen weeks did not seem to be in line with the autumn 
breeding and spring parturition periods as they were known to occur. 

In our laboratory observations to date (June, 1950), the four gestation periods of the 
porcupines which copulated and produced young in the Vivarium have ranged from a 
minimum of 205 to a maximum of 217 days from copulation date to the parturition date. 
Figured from these four known gestation periods, the mean of the gestations is 210.25 
days, 30 weeks, or seven months (of thirty days each). It appears that one can now safely 
say, that under laboratory conditions, the gestation period of Erethizon dorsatum is ap- 
proximately seven months, 1.e., plus or minus a few days. It is interesting to note that 
this is also the gestation period of the white-tailed deer, 


1 an animal which weighs ten to 
fifteen times more than the female porcupine. 
Having seen his porcupine copulate, and give birth to young 16 weeks later, Struthers 


quite naturally concluded that this represented the gestation period. In view of the figures 
cited in Tal i 


Table 1, the following explanation seems logical t 


» account for the great discrep- 
ancy between his figures and those presented here. Siruthers’ female porcupine apparently 
had copulated earlier. possibl) in September or early October in the wild, and again on 
January 20 in captivity. She was probably pregnant from the fi 





‘st copulation (coition dur- 





ing pregnancy is a well-known phenomenon) and gave birth to her young in May. The 
observed second copulation in January would thus have had nothing to do with the figure 
for the gestatior iod. If this reasoning is correct the seven porcupettes listed in Table 1 
are the only ones definitely known to have been bred and born in a laboratory 

The author wishes to express his gratitude and appreciation for the grants from the 
Ce ittee for Research in Problems of Sex, National Research Council, which have aided 
materially in financing these studies. For aid in procuring porcupines, he is greatly indebted 


and expresses his thanks and appreciation t« 


» the Allegany State Park Commission, the 
Michigan Department of Conservation, the U. 8. Fish and Wildlife Service, and Dr. H. W. 


Mossman, and to many interested students.—ALBErRT R. Suave, The Vivarium, Dept. of 


Biology, University of Buffalo, Buffalo 14, New York. Received September 20, 1950. 


ACCIDENTAL DEATH OF A PORCUPINE 
Early in August 1947, while with members of an ecology class near the University of 
Minnesota Biological Station, Itasca Park, Minnesota, I found evidence of the accidental 
death of a porcupine due to its winter tree climbing activities. In this case the animal 
apparently had slipped while climbing a double stemmed tamarack tree and was caught 


sideways and just behind the forelimbs in the V of the trunks. Each trunk of the tree was 
4 


about 4 inches d.b.h., and the base of the V was about one foot above ground level. Bark 
was torn from both trunks for a distance of fifteen to twenty inches where the animal had 
struggled with its hind limbs to free itself. These efforts apparently had served to work it 
farthe: 


into the crotch as in a giant springless clothes pin. At the time of discovery nearly 


the complete skin and all of the skeleton remained in the tree. Since this area had been 
closely examined in the summer of 1946, it was judged that the loss occurred during the 


previous winter.—WILLIAM H. MarsHatu, University of Minnesota, St 


Paui 1, Minnesota. 
Received Se ple mber 23, 1950 


BEHAVIOUR OF A NEWLY-BORN SILVER-HAIRED BAT 


During a field trip in the Whiteshell Forest Reserve in southeastern Manitoba with my 
Technician, R. W. Sutton, he drew my attention to a very high-pitched and persistent call 
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which he could not identify, and which was too high for my perception. He led me to a 
high white spruce and soon found a bat suspended from a dead twig near the trunk of the 
tree and some twenty feet from the ground. We cut a pole and, with difficulty, dislodged 
the bat which fell straight downward. It was a newly-born silver-haired bat (Lasionycteris 
noctivagans) with the eyes not yet opened. 

The bat was placed in a cage and attempts were made to feed it on diluted canned milk, 
but without much success; it died at the end of thirty-six hours. 

In the meantime, I placed the bat on a twig some five or six feet above ground in shade 
and watched its movements. It crawled along the twig, holding on by one leg while it ex- 
tended the other, and sometimes employed its thumb-hooks and also the tail, the latter 
appeared to be distinctly prehensile. When it came to the tip of the twig it reached out for 
a new purchase, but, finding none, it moved the other way. It never attempted to drop 
from any twig at this height. 

When placed on a twig some eight inches above its grass-covered cage floor, it would 
drop within a second or two nearly every time and then travel along the floor. This seems 
to hint that it could distinguish between a short drop and a higher one by means of its 
sonic echo even at this early age. 

After dark, a pair of what I took to be silver-haired bats flew back and forth twenty to 
forty feet above the cage which contained the young one, which was calling persistently, 
but they totally ignored the calls as far as we could discover. Apart from these bats we 
saw only one other, a large one, almost certainly a hoary bat. 

Has anyone previously seen any evidence to suggest that the echoes are used as range- 
finders at so early an age as this?—L. T. S. Norris-Etye, The Manitoba Museum, Winni- 
peg, Manitoba. Received November 29, 1950. 


THE BLACK BEAR AS A PREDATOR OF MAN 


With reference to the article in this Journal of May, 1950, by 8. C. Whitlock, I think it 
may be worth while to record an instance of an unprovoked attack by a bear in Manitoba 
The following facts have been obtained from accounts in THE WINNIPEG FREE PREss of 
September 2 and 3, 1929, and also from Lewis Wojciechowski, a farming neighbour of the 
afflicted family. 

Fred Gregorchuk was (and is now) farming at Lowlands, some three miles southwest of 
Brightstone in southeastern Manitoba. His family consisted of his wife and three children, 
Olga, aged 7, William, aged 4, and John, 2 or 3 years old. 

On the evening of August 30, 1929, Mrs. Gregorchuk took some supper to her husband 
who was working in the fields and left the three children in bed with the door securely 
closed. On returning to the house at about 7:30 p.m., she found the door battered in and 
the three children missing. Calling to her husband, she ran with the dog to the rear of the 
house, where she heard noises in the bush; she tried to encourage her dog to enter the 
bush, but it refused and seemed nervous. She was frequently calling Olga and soon the 
noises in the bush ceased. Mrs. Gregorchuk then entered the bush cautiously and found 
the partly eaten body of her daughter. Later inquiry showed that the two little boys had 
fled to some neighbours 

The boys said that, after banging the door to the ground, the bear stood upright in the 
doorway; they all sat up in bed frozen with fear. The bear came to the bed, from which 
the children fled, and chased them round the room. It seized Olga and, while dragging her 
away, the boys escaped. This was on a Friday 

On Saturday, Fred Gregorchuk hid near the scene of the tragedy with a firearm, the 
bear returned, but he missed it. Three constables from Beausejour arrived later, apparently 
on the Saturday, armed with one machine gun and each with pistols. As they were ap- 
proaching the scene, they repeatedly heard something moving in their rear in the bush, so 
were on the alert. Soon a bear charged them from the rear and Constable Kerr fired the 
machine gun at only twenty paces. The bear dropped, wounded. It continued to approach 
them, but fell a few feet away, riddled with bullets. According to police measurements it 
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was 9 feet in length and weighed 420 lbs. The total length is obviously wrong and includes 
the front and perhaps the hind legs also. It was in the brown phase and was perhaps a male, 
as the newspapers refer to it as ‘‘he.”’ 

The family is still farming and is notoriously allergic to bears. I am unable to obtain, 
at present, any details of the inquest, the general condition of the bear, or of the stomach 
contents. The bear may have been nearly starving as the attack followed a period of severe 
bush fires. If Gregorchuk failed to wound the bear, we have here two instances of an ap- 
parently unprovoked attack.—L. T. S. Norris-E.ye, The Manitoba Museum, Winnipeg, 
Manitoba. Received November 29, 1950 


ADDITIONAL INCIDENT OF CROW ATTACK ON RABBIT 


Kirkpatrick’s report on ‘‘Crow predation upon nestling cottontails’? (Jour. Mamm., 
31: 322-327, 1950) in Indiana and Kentucky lends value to a similar but isolated observa- 
tion made by Park Ranger Erwin Winte in the Everglades National Park, Florida, on 
October 31, 1949. Mr. Winte, a keen observer, recounted the incident to me the next day, 
and the following description of it from my notebook was made in his presence and checked 
by him for accuracy at that time: ‘‘Yesterday at 1100, Erwin Winte saw a crow attacking 
a baby marsh rabbit on the east side of Taylor Slough on the Ingraham Highway [Florida 
Route 27]. The crow had hold of the rabbit with its bill and was engaged in a 
tug of war with it, the baby rabbit kicking and pulling back. Winte’s approach frightened 
off the crow, and the baby rabbit took to the marsh, swimming away. As Winte withdrew, 
the crow quickly returned and walked around where it had had the rabbit. Failing to find 
its prey, it took wing and circled around above the spot evidently still searching for the 
rabbit 

The east side of Taylor Slough is a marsh of rather sparse, stunted sawgrass which 
affords little cover, but the road shoulders and ditches support some weedy growth which 
would shelter a rabbit. Since the glades (marsh) contained several inches of water at that 
time of year, the rabbits doubtless resorted to the road shoulders to some extent for dry 
resting places. Marsh rabbit population was low in this area at this time. 

The particular interest of this note lies not only in its similarity to the predation in- 
cidents described by Kirkpatrick, including special boldness of the crow in the presence of 
man, but also in that this took place over 1000 miles from the above-cited incidents and 
that a different species of rabbit, Sylvilagus palustris paludicola (Miller and Bangs), and 
subspecies of crow, Corvus brachyrynchos pascuus Coues, were involved.—JosEPH CuRTIS 
Moore, Everglades National Park, Homestead, Florida. Received September 22, 1950 


A SPECIMEN OF BACHMAN’S SHREW FROM ALABAMA 


A specimen of Bachman’s shrew, Sorex longirostris longirostris, was found near Auburn, 
Lee County, Alabama, November 12, 1950. This, to the writer’s knowledge, is the second 
specimen reported for the state. The first, reported by A. H. Howell, was taken December 
1, 1911, 4 miles north of Autaugaville, about 72 miles west of Auburn 

The recently collected specimen was found dead on a dirt road, which was bordered on 
one side by a kudzu field and on the other by an open growth of longleaf pine with a sparse 
undergrowth of broomsedge. This was definitely an upland habitat. The nearest water was 
a farm pond several hundred yards distant 

The shrew was an adult female with the following measurements: weight, 4.3 grams; 
total length, 84 mm; tail, 31 mm; hind foot, 5mm.—Juuian L. Dust, Department of Zoology 
and Entomology, Alabama Polytechnic Institute, Auburn, Alabama. Received November 29, 
1950. 


BAT RECORDS FROM THE ISLANDS OF GRENADA AND TOBAGO, BRITISH 
WEST INDIES 

During 1944 and 1945 the writer made short visits to the islands of Grenada and Tobago, 

B. W. I., on Agricultural work. During these visits several bats were collected or obtained, 
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and it may be of interest to list these specimens and also other records based on specimens 
seen in the British Museum (Natural History), London, as published records from these 
islands appear to be few and far between. 


GRENADA 


Glossophaga longirostris rostrata Miller—four 9 9, 27 December 1944. These were 
collected from a group inhabiting the underground passages in the Old Fort, St. Georges. 

Artibeus planirostris grenadensis K. Andersen.—One <7, 6 2 9 , 24 December 1944. From 
a large number in the roof of a distillery at Douglaston 

Artibeus jamaicensis palmarum Allen and Chapman.—One c’, 24 December 1944. This 
was found amongst the A. planirostris grenadensis noted above. 

Molossus obscurus Geoffroy.—One ?. This specimen, which was labelled ‘St. Georges,’ 
was given to the writer by the Agricultural Superintendent, Mr. O’Brien Donovan 

There are specimens in the British Museum, from Grenada, of Peropteryx macrotis phaea 
G. M. Allen, collector, T. Mann, 1896; Pteronotus davyi Gray, collector, N. H. Smith, 1894; 
and Noctilio leporinus leporinus (Linn.), collector, A. K. Totton, 1934. It is interesting to 
note that Noctilio leporinus occurs throughout the Lesser Antilles as there are specimens 
in the British Museum from Barbados, Grenada, St. Vincent, Dominica, St. Kitts, and 
Montserrat. 


ToBaco 


Artibeus planirostris trinitatis K. Andersen.—Six 9 9, 26 February 1945. These, which 
all had embryos in an advanced state, were shot from a large cluster hanging under the 
fronds of a coconut palm at Charlotteville. This subspecies occurs only on this island and 
on Trinidad, and it is usual] for the females to segregate when they are pregnant 

Artibeus jamaicensis palmarum Allen and Chapman.—One ?, 26 February 1945. This 
specimen had a large embryo and was amongst the group of A. planirostris trinitatis noted 
above 

Molossus obscurus Geoffroy.—Five mummies were found in the roof of the rest house at 
Charlotteville on February 26, 1945. This species is common and was seen hawking around 
the rest house each evening 
Micronycteris megalotis megalotis Gray.—One 9, 26 February 1945. This was from a 
group of three hanging under the stump of a tree on the side of the road near Charlotte- 
ville 


¥ 


There are specimens in the British Museum, from Tobago, of Saccopteryx leptura 
(Schreber), Mix ronycter m. megalolis Gray, Carollia Pp. perspic llata (Linn Chiroderma 
villosa (Peters), Artibeus p. trinitatis K. Andersen, Myotis nigricans (Wied.) and Molossus 
obscurus Geoffroy, collector, Dr. Rendall, 1897; also a specimen of Centurio sener Gray 
collector, J. Smart, 1937.—T. S. Jones, ‘Manali,’ 36, Victoria Road, Colchester, Essex, Eng 
land Rece ived October 9, 19450. 


RECENT RECORDS OF WOLVERINES IN IDAHO 


On October 20, 1949, John Caus trapped an adult male wolverine (Gulo luscus I 
three miles southwest of Clarks Fork, near Johnson Pe: 


uscuU 
k, Bonner County, Idaho (S.E. }, 
Sec. 20; 55N, R2E) (northern panhandle of state). Mr. Caus, 73-year-old retired farmer- 


trapper, has resided in the Johnson Creek area since 1906 and this was the first wolverine 


L 





he had ever seen. It weighed 22 pounds when taken, but it had been in the trap for two 
or three days. The cased hide measured 44 inches and the tail was 8} in. Caus had saved 
the hide, skull, and three legs which he sold to me for the University of Idaho Wildlife Re- 
search Collection at Moscow, Idaho. 
The late Henry J. Rust (Jour. Mamm., 27:315, 1946) reported several sight records in 
this area in 1930-31 on South Chileo Mountain, about 20 miles southwest of Johnson Peak. 
He also reported that three were trapped on Norton Creek, Shoshone County, in 1908, but 
concluded that “very little is known of its occurrence in northern Idaho.’’ W. B. Davis, 
(Recent Mammals of Idaho, 1939) thought that they were “‘probably extinct in Idaho; if 
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not, restricted to the more inaccessible mountainous central portion of the. state.’’ The 
specimen collected by Mr. Caus is apparently the first authentic record for the state. 
Several other records have been reported to me and since they have not been previously 
recorded in the literature I have listed them below. The last two records were included 
because of their recency and proximity (about 20 miles apart). The 1908 record by Rust, 


referred to, was also within 30 miles of these records. 


prev 10uS1 


In 1916, at upper Boulder Creek, near Leonia, SE corner Boundary County, Karl Klehm, 





Supervisor Coeur d’Alene National Forest, reported a single animal taken by local trapper, 
no detail. In the 1920’s, head of Lightning Creek, north of Clarks Fork, John Caus, trapper, 
Clarks Fork, Idaho, had heard of ‘‘several’’ caught there ‘‘years ago.’’ In 1926, Teton Basin 
near St. Anthony, SE Idaho, Mrs. Kay Bjaaland, Coeur d’Alene, Idaho, reported a female 
trapped by her grandfather, Dave Godfrey. In 1948, near Freezeout Mountain, St. Joe 





National Forest, south of Avery, an unidentified student at the University of Idaho re- 


wted seeing the carcass of 


I I a wolverine killed that summer by a woods-worker, no details. 
In 1949, St. Joe River below Avery, Idaho, a local resident reported seeing what was ap- 


rently a wolverine along the ri 





r road in January, 1949.—W. Les.iize PENGELLY, Jdaho 
h and Game Dept., Coeur d’Alene, Idaho. Received November 14, 1950. 


? 





THE LEAST WEASEL IN NEW YORK 
On December 14, 1949, a least weasel, Mustela rizosa allegheniensis (Rhoads), was taken 
1 trap set for mink in the southwest corner of New York State. It was taken one mile 
t 


from the Pennsylvania boundary on French Creek, Township of French Creek, Chautauqua 


This specimen, a female, was in excellent condition when received in the flesh on Decem- 
18, 1949. Her uterus was non-parous, indicating, perhaps, that she was a young of the 
year. Measurements are: weight, 42 grams; total length, 155 mm.; tail length, 31.6 mm.; 
7 


hind foot, 20.5 mm 


Museun 


Mr. Leslie Driscoll, who collected this weasel, stated that he had taken previously two 





nen, skin and skull, is no. 5451 in the Cornell University 


} 


others in the southwestern part of French Creek Township. Nels Ahlgren reported that he 
had taken one in his mink traps in the southeastern part of Chautauqua County near the 
Penn ylvani 1 bour dary 

Apparently this small carnivore has not been reported previously from New York State. 


It has been reported from adjoining Erie County, Pennsylvania, by Sutton (Jour. Mamm 


0: 253-254. 1929 ArntHur H. Coox, Department of Conservation, Cornell University, 
Ithaca, New York. Received October 31, 1950 


RECORDS OF THE LEAST WEASEL, MUSTELA RIXOSA, IN SOUTH DAKOTA 
wucity of actual records of the least weasel in South Dakota centered my interest 


three specimens ir 


the Biological Surveys Collection. Apparently there is only one 
| specimen recorded from the state, and that without definite locality or date of col- 
Over and Churchill, Mammals of South Dakota, Univ. 8. Dak., p. 14, 





1941, mimeog It is apparently in summer pelage 

The data for the three South Dakota specimens in the Biological Surveys Collection 
ire as follows: No. 276372, immature male, collected at Fedora, Miner County, March 4, 
1949, by Harry O’Neal; No. 261830, adult male, collected at Sand Lake National Wildlife 
Refuge, Brown County, December 9, 1936, by Philip A. Dumont; No. 262096, adult, fe- 
nale (?), collected at Waubay Migratory Waterfowl Refuge, Day County, December 14, 
1936, b Watson E Beed. 

The specimens from Brown and Day counties are in full winter pelage and the Miner 
County specimen is a juvenile in summer pelage. These specimens differ from campestris 
in having black hairs on the tips of the tails, the braincases depressed less anteriorly, and 
the auditory bullae more inflated. I, therefore, refer them to Mustela rizosa rixosa (see 
Swenk, Jour. Mamm., 7: 313, 1926 


The total length, tail, and hind foot measurements of the three specimens are, respec- 
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tively, as follows, as given by the collectors: No. 261830, 84 inches, 14 in., ?; No. 262096, 
210 millimeters, 37 mm., 25 mm.; No. 276372, 143 mm., 21 mm., 19 mm.—Vro ta 8. Scuanrtz, 
U.S. Fish and Wildlife Service, Washington, D. C. Received September 25, 1950. 


NOTES ON THE SHORT-TAILED WEASEL IN UTAH 


The Short-tailed Weasel (Mustela erminea) has been considered a rarity in the Utah 
mammalian fauna. Indeed, only two specimens have been recorded in the literature from 
the state (Hayward, Jour. Mamm., 30:436, 1949). Both were from Mt. Timpanogos in the 
Wasatch Mountains, Utah County. One was an adult male collected on September 6, 1947, 
taken at an elevation between 8000 and 9000 feet. The second was an adult female secured 
on June 10, 1948. Four additional specimens, all females, have been secured during the last 
two years and are now in the collection of the University of Utah. These are reported as 
follows, together with notes on habitat and behavior. 

One was taken by S. D. Durrant on September 17, 1948, at the Wildcat Ranger Station, 
Boulder Mountain, 8700 feet, Garfield County. It was trapped in tall grass in a moist moun- 
tain meadow containing stands of willow. Other mammals in the same habitat were Sorez 
obscurus, Microtus montanus, and Microtus longicaudus. Another was taken by E. H. O’Bry- 
ant at Mt. Olivet Cemetery, 4500 feet, Salt Lake City, on June 25, 1950. The third was 
trapped by Ray D. Jorgensen in Mayfield Canyon, 8000 feet, 12 miles northeast of May- 
field, Sanpete County, July 1, 1950. It was taken in a dry sagebrush situation along with 
Perognathus parvus and Peromyscus maniculatus. The last specimen was trapped on August 
19, 1950, near the loop road east of Mt. Nebo, 10,000 feet, in Juab County, near the Utah- 
Juab County line. The trap had been placed on top of the trunk of a fallen Alpine fir. All 
around was a dry mat of fir needles. A man who traps the region in season said he sees many 
of them running over the snow during the winter. 

Of these six specimens, five, then, were collected in the mountains at elevations between 
8000 and 10,000 feet. One was found considerably lower at 4500 feet adjacent to the Uni- 
versity of Utah campus. This specimen was first seen about 5:00 p.m. out in the open on 
the lawn, but ran behind a headstone to the refuge of a bush. It was thought to be a young 
weasel of the species Mustela frenata because of its small size and relatively slow move- 
ments. When it poked its head out an attempt was made to capture it, whereupon it emerged 
from the other side of the bush and started for the hedge marking the boundary of the 
cemetery. O’Bryant chased it around in circles and finally effected a capture. The speci- 
men was carried home and placed in a bird cage with a flat wire top. To start with, it ran 
around the cage wildly, occasionally going up the sides and attempting to progress along 
the underside of the top. However, it could not retain a hold and would fall. Each time it 
landed on its back, seemingly being unable to flip over on its feet. It was fed milk and 
egg from a medicine dropper and thereupon quieted down. It had a capacity of six full 
droppers, regular size. Later it was transferred to a box with a wire front and containing 
a small house. The weasel preferred the dark recess between the small box and the wall of 
the cage to the inside of the smaller box and would rest with head buried in coarse sawdust 
Sometimes it would push its way through the sawdust with head down on the floor. No ef- 
fort was made by the weasel to construct a litter pile for shelter from vegetation and debris 
put in the cage. 

Upon being brought to the University it was kept alive for observation for a few days 
before being prepared as a museum specimen. It gave no indication of being sick. Upon oc- 
casion it was quick in its movements especially when it attempted to escape by grasping 
the wire with its teeth and shaking vigorously. A young blue racer (Coluber constrictor 
mormon) about one-half inch in diameter and 15 inches long was poked into the cage with 
the thought of furnishing food for the weasel. The snake coiled back and attempted to 
escape, but during this time the weasel attacked the snake, biting it several times with 
little, if any, effect. It did not seem to have enough strength to penetrate the hide. When 
the head of the snake was held and pushed through the wire the weasel seized it, dragged 
the snake into the cage and concentrated its biting on the head, finally injuring it, proba- 
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bly through the eyes. As the snake quieted down the weasel again bit at it on various parts 
of the body, but as before could not tear the skin and soon lost interest in its victim. The 
snake’s body was left in the cage for two days and was not further disturbed. The weasel 
was satisfied with horse meat. 

According to the recent publication of Hall (Jour. Mamm., 26: 181, 1945) these speci- 
mens should be referred to the race M. e. murica. This name antedates M. e. lepta as pre- 
viously used by Hall (Mammals of Nevada, Univ. Calif. Press, 1946: 188) for the race of 
the Great Basin-Rocky Mountain region.—Wi1Lu1aAmM H. Bese aNp Ricuarp M. Hansen, 
Department of Vertebrate Zoology, University of Utah, Salt Lake City, Utah. Received Sep- 


Uv 


temoer Oo, 


REPORTS OF COUGAR IN NEW YORK 


The recent publication of “Extant New York State Specimens of the Adirondack Cou- 
gar’ by the late Dayton Stoner (Circ. 25, N. Y. State Museum, 1950) prompts the record- 
ing of a few other data pertaining to this former inhabitant of New York. Apparently its 
chief strongholds in the state were the Adirondack and Catskill mountains. Before the 
colonization of New York, the cougar probably roamed widely throughout the state. A 
report of “The People of New Netherland,’’ dated 1649, in the New York Colonial Manu- 
scripts (Documents of Colonial History, vol. 1: 277-8; Albany, 1856) casts some light on 
the early wildlife in the vicinity of present-day New York City: “The wild animals here 
consist principally of lions [cougars], but they are few; bears, of which there are many; 


, a great number of deer. . There are, besides, divers other large animals in the in- 





terior, but they are unknown to Christians likewise beavers, otters, fishers, cata- 
mounts [bobcats], foxes, racoons, minks, hares, muskrats about as large as cats, martens 
and squirrels, some of which can even fly.’ 

The Hudson Highlands of Orange and Rockland counties, New York, still contain much 
relatively wild country within fifty miles of New York City. While employed there in 





1935 at the Trailside Museum of Natural History, at Bear Mountain, I came across the 
information that between 1871 and 1897 the State of New York paid $2140 in bounties on 
107 cougars. This would place the date of the last bounty payment seven years later than 
listed by G. S. Miller, Jr. (Bull. 29, N. Y. State Museum, 1899). At Bear Mountain, in the 


autumn of 1935 (I am somewhat reluctant to report the incident, for I was not present and 


I realize the extent to which the human imagination can go), a panther was reported by 
several members of the Trailside Museum staff. They told of observing it in the early 
evening, near a road, for several minutes during which the large size and long tail were 
apparent. The observers speculated that the animal had roamed to this area from the 
Catskills, in search of deer —Ricuarp H. MANVILLE, Michigan State College, East Lansing. 
Received October 7, 1950 


A NEW RECORD OF ZAPUS HUDSONIUS IN MISSOURI AND NOTES 
ON ITS HIBERNATION 
It is noteworthy that in the last century there have been only two published records of 
the jumping mouse in Missouri. Baird (1857) mentioned a jumping mouse collected from 
Cass County, and Preble (1899) listed a specimen of Zapus hudsonius campestris from 
Jackson County. Thus, 42 years elapsed between these two records and 49 years from the 
latter of these to the present one. The current record also establishes a new state locale 
for this species some 115 air-line miles distant from the closest county report. An addi- 





tiona 


Missouri, was made by Brohn (1947), and is included here for completeness: “When about 


observation on the possible occurrence of the jumping mouse in Platte County, 


one-fourth mile east of Duck Lake, Platte County, mid-morning of July 5, 1946, a small 
long-tailed animal bounded across a twelve-foot road in three jumps and disappeared. I 
stopped and searched for it but with no luck It is difficult to imagine what other 


animal (except Zapus) might have been seen.’ 
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On the afternoon of April 11, 1948, while I was working in my yard in Jefferson City, 
Cole County, Missouri, a neighbor called my attention to a dormant mouse he had un- 
covered while leveling a coal-ash pile of several years’ standing in his back yard. This 
mouse (Zapus hudsonius) was hibernating in a spherical nest about four inches in diameter 
which consisted of dried oak leaves (Quercus alba) and bits of dried grass. The nest was 


ed one foot beneath the surface of the ash pile which was about three and one-half 





loca 
feet high and five feet in diameter. The dormant mouse was curled ventrally in a head to 
tail position, its nose buried in the inguinal region. The long tail was curled counter-clock- 
wise over its body. The forelimbs were tucked against the abdomen and the hind limbs 
were somewhat spread out. The body of the mouse felt as cold to me as the surrounding 
leafy nest and ashes. After excavation, it required about fifteen minutes for the dormant 
animal to revive sufficiently to respond to my prodding. The official air temperature on 
this day showed a maximum of 71°F., a minimum of 57°F ., and at 6:30 p.m. it was 59°F 

Continued excavation of the ash mound disclosed four other nests similar to the first 
in construction and location. Two of these nests were vacant and two contained one dor 
mant mouse each. There was no evidence that the empty nests had been used recently al- 
though they appeared to be the same age as the occupied nests. It is interesting that well- 
drained prominences have been reported by others (Burt, 1946; Dilger, 1948; Eadie, 1949 
as hibernating sites of the jumping mouse. 

The ash pile was located at the edge of a yard in a residential section adjacent to some 
vacant lots of about 20 acres, and it was about half-way down a slope which terminated 
in a small draw with intermittent drainage. The vegetative cover of the vacant lots was 
mostly mixed herbaceous and grassy, consisting of goldenrod (Solidago sp.), daisy fleabane 


(Eri 7eron sP.), trefoil (Desmodium sp.), sparse clumps of broom sedge An lropogon t 
ginicus), thin stands of poverty grass (Aristida sp.), some buckbrush (Symphoricarpos 
orbiculatus), and occasional blackberry thickets (Rubus sp.) with sumach (Rhus glabra 


and sprouts of persimmon (Diospyros virginiana), elm (Ulmus americana), and oak (Q. 
alba). This area was continuous with farmland adjacent to the Missouri River—a mile 
distant. The residential district here was rather heavily wooded with white oak predom- 
inant and the usual ornamental shrubs and conifers. Since the lawns were kept closely 
mowed, it appeared likely that the mice were inhabitants of the vacant lots. 

Two of the jumping mice were kept in their nests and placed in a household refrigerator 
where they remained dormant. On several occasions, they were removed and permitted to 
become active enough to photograph, but upon being replaced in the refrigerator they be- 
came dormant again. They were later made into skins and placed in the University of 
Missouri’s mammal collection. Their measurements were as follows: No. 998 female; total 
length, 197 mm.; tail, 110 mm.; hind foot, 29 mm.; ear, 14 mm. No. 999 male; total length, 
211 mm.; tail, 129 mm.; hind foot, 28 mm.; ear, 14 mm.; weight 16.3 grams 

Intermittent trappings and observations over two and one-half years in the same vicinity 
have failed to produce additional specimens. 
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FOSSIL BATS FROM THE BAHAMAS 


G. M. Allen (Jour. Mamm. 18:369-70, 1937; Extinct and Vanishing Mammals of the 
Western Hemisphere, 1942) has discussed a fossil deposit from Exuma Island in the Bahamas 
from which a large quantity of Geocapromys ingrahami irrectus was obtained. This deposit, 


; 


according to Allen, is definitely pre-Columbian in age and may be roughly contemporaneous 








with some of the older cave deposits from other i 


ng over a mass of small miscellaneous bones from this « 
ing i 


unds in the Greater Antilles. While sort- 
leposit at the Museum of Com- 
parative Zoology, Dr. Ernest Williams of Harvard University came across two small bat 
mandible fragments, which he turned over to me for identification 

The first seems to be Macro i8, a genus widespread in the Bahamas. The fragment is 
oo small to be subspecifically identified, but is presumably M. waterhousei compressus, 
the form occurring throughout the Bahamas proper. The second mandible cannot be iden- 


tified with any genus hitherto recorded from the Bahamas and must be discussed in greater 





detail 
The fragmentary bone in question contains most of the mandibular ramus. The first 
nd second molars are present ind of a itive tuberculo-sectorial pattern; the last pre- 
molar is also in place and has a rather triangular form, but with a very elongate base and 


a distinct heel. From the number and placement of roots, it is evident that a third molar, 
two additional premolars, and a canine were also present. The number of incisors can not 
he precisely det i 


etermined 


d Of the genera recorded from the Bahamas, Cuba, or Hisp iniola, 
only Chilonycteris, Mormcops, Macrot and Natal Chilonatalus and Nyctiellus) have a 
tion agreeing in general with this. Of these genera, only Mormoops has a last premolar 
of the required form. The Exuma fossil appears to be indistinguishable from the widespread 


Antillean Mormoops blainville: 








les thei presumed age, these fossils are of interest in other respects To my knowl- 
edge this is the first record of Mormoops in the Bahamas, but Macrotus is recorded from a 
number of other Bahaman islands. To my knowledge these are the first bats to be recorded 
from Exuma, though others such as Natalu V yetre ind perhaps Chilonatalus), Ero- 
} tptesicus, La 4s, and J'adarida probably occur there since they are known from 
neighboring islands. Additional bat collections are urgently needed from Exuma and other 
islands of the Bahamas before the distributional pattern of the various genera in these 
is] be understood 
[am much indebted to Barbara Lawrence of the Museum of Comparative Zoology for 
making available the Exuma fossil material and to Dr. Ernest Williams for calling my 
++ ] 


ention to these fossil jaws and for preliminary identification. Acknowledgments are also 
jue to Dr. G. H. H. Tate of the American Museum of Natural History and to Dr. David 
H. Johnson of the 1 nited States National Museum for mal ing available the comparative 
material in their care Karu F. Koopman, 511 West 118 St., New York 25, N. Y. Received 


’HOMOMYS TALPOIDES (RICHARDSON) FROM A LATE PLEISTOCENE 
DEPOSIT IN KANSAS 
| 


The University of Michigan paleontological field party on August 3, 1950, collected the 


anterior part of a skull containing the incisors, right and left Ps-M,; (No. 26953 U.M.M.P.) 
of Thomomys talpoides in Greeley County, Kansas. The specimen was taken approximately 
six feet below the surface from a late Pleistocene deposit along the north bank of Ladder 


2/,i1n SE + Sec 5, T 165, R 20 W In association 


Creek on the west side of Kansas High ri 








with this specimen there was found a skull and a right lower jaw (No. 26954 U.M.M.P.) of 
Citellus richardsoni (Sabine). Other specimens of Citellus richardsoni in the collection of 


the University of Michigan were taken from this locality in the summers of 1947 and 1948 





Branch and Claude W. Hibbard. So far as known, this is the first record of T'ho- 


momys from Kansas. The two premolars (No. 3926 K.1 reported by Hibbard (Trans. 


ri 


Sci., 40: 244, pl. 3, fig. 19, 1988) from Kansas, as belonging to the genus T'ho- 
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momys were incorrectly identified —-CLaupe W. Hissparp, Museum of Paleontology, Uni- 
versity of Michigan, Ann Arbor, Michigan. Received October 23, 1950. 


BISON CRASSICORNIS IN THE LATE PLEISTOCENE OF NEW ENGLAND 


This note places on record the discovery in a late Pleistocene deposit at Harvard, Mass., 
of a horn-core of Bison crassicornis—the first remains of an extinct bison ever found in 
New England, and a find of some interest for the history of the bison group. 

The specimen includes the right horn-core and the adjacent portion of the right frontal, 
extending to the mid-line. The surface detail is well preserved, indicating little or no 
transportation after decay of the horn sheath and essentially eliminating the possibility 
of redeposition. 

The systematics of American fossil bison, long in c‘iaos, has been brought into order in 
an excellent recent revision by Skinner and Kaisen (Bull. Amer. Mus. Nat. Hist., 89:127- 
256, 1947). Using certain of the standard measurements given by these authors (p. 145), we 
note: (1) spread of horn-cores, tip to tip, 1085 mm. (est.); (2) greatest spread of horn-cores, 
on outside curve, 1105 mm. (est.); (3) core length on upper curve, 463 mm.; (4) core length 
on lower curve, 531 mm.; (5) length, direct measurement, 430 mm.; (6) vertical diameter 
of core, 95 mm.; (7) circumference of horn-core, 325 mm.:; (12) transverse diameter of core 
111 mm.; (14) width of cranium between horn-cores and orbits, 299 mm. (est. 

As will be seen from these figures and the indices which can be derived from them (Skin- 
ner and Kaisen, pp. 142-143), the specimen represents a form with horn-cores both abso 
lutely and relatively long and slender, moderately compressed dorsoventrally at the base 
and but moderately curved 

Skinner and Kaisen group the American bison in five subgenera, including eleven species 
considered valid. Most can be readily eliminated for consideration in identification of this 
specimen. It differs from their subgenus Bison proper and from B. (Simobison) ant quus in 
relative and absolute length, slenderness, lesser curvature and moderate flattening of the 
horn-core. The horn is shorter and relatively stouter than in Gigantobison (B. latifrons 
and less flattened than in Platycerobison. There remain for comparison but two forms, B 
(Simobison) alleni, which is recorded definitely only from the presumed middle Pleistocene 
of the western United States, and B. (Superbison) crassicornis, described from presumed 
late Pleistocene deposits in Alaska 

These two forms are not clearly distinguishable on the basis of Skinner and Kaisen’s 
diagnoses, and the Harvard specimen is moderately more slender and proportionally longer 
than in typical representatives of either species. In other major regards it agrees witl 
both. Of the two it appears to be rather closer to B. crassicornis, for the core length is onl 
at about a minimum for B. alleni, but lies in the middle range of B. crassicornis measure 
ments, and the degree of curvature and of flattening of the core base are closer to the mean 
of the latter than the former. Assignment to B. crassicornis seems reasonable on morph 
logical characters (and on geologic dating as well 

The specimen was discovered some years ago by Mr. James W. Fanning, gunsmith, of 
Townsend, Mass., while digging in a gravel pit at Harvard, and kept by him as a curio. It 
was seen by Mr. Warren B. Eames of the Peabody Museum, Harvard University, who re 


ognized its potential 


interest and called it to my attention. Mr. Fanning presented i 
the Museum of Comparative Zoology (No. 4425) and accompanied Mr. Eames, the late 
Dr. Kirk Bryan, and the writer to the site 

The locality is a large sand and gravel pit, of irregular shape, occupying the southern 
and western parts of a lot belonging to the town of Harvard, about a mile northwest of the 


town center. The deposit was identified by Dr. Bryan as part of the most recent Pleis 





materials of the area, probably late Wisconsin in date although possibly somewhat ea! 
I I 


in this final glaciation. Since the find is an unusual one, it is unfortunate that the spe 


men was not seen in situ. There is, however, no reason to doubt the circumstantial account 


given by Mr. Fanning. The specimen was found in seemingly undisturbed and layered 





sands and gravels about seven feet below the old meadow surface and several feet below 
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clearly marked line of 


was brought from afar 


tradiction to traditional New England thrift) and finally insinuated its way without notice- 
ble disturbance into the underlying glacial deposit. This is possible, but highly improba- 
ble 1 tl find is reasonably authentic 
Bis ‘ ins of any sort are very rare in New England; none is recorded except a frag- 
I lla of a calf presumed to be biso G. M lien, Jour. Mamm., 1:161-164, 
1920). While remains of forms considered specifically identical with B. crassicornis by 
s t 1 Kais re Known Irol! nortne Europe ¢ urd through Siberia. none has 
rt¢ r) ious from North Americ cen yr Alas present find gre itly 
é the geographic range of the speci¢ the late Pleistocene : of this deposit is in 
h assumption to the geologic age of the Alaskan material of B. crassi 
l iggested that this speci« yn Lat 1 to col periglaci l conditions and 
I expected ny ] I margi he glaciated regions of the 
he nhere 
TI fragmer lescribed | Aller ( B.l n because of the thesis of 
t O. P. Hay that no extiz species of bison survived as late as the Wisconsin glaci 
deposits of which age the specime yur Che thesis th long-horned bison 
. ’ earlier Pleistoce } tend oO pers Schult nd Frank 
194 su n Ne : : Mu l ) the ¢ it Plains region, 
ting St ing] imple I ( g n ho reduction in successive 
Dp lr is scheme B. ¢ hos orns but little larger than those 
ECE s the only exti f¢ ) I he Wisconsin, whereas a horn 
} here sho nrop } he Varmouti ge of the Lower 
I The d es ed | S é ho I he bison sto is far 
f the Schultz-Frankf¢ ( sucg 1 the pres find shows 
ae ne nope or estal is} ng Sir ) D A i€ ol horn nd 
ce aemis l 
I inde Mr. Eame | t t I ‘ ind mo especially 
Vir. Fanning for | present I | o the Museun \ LFRED 
S | I M use of ¢ Z } [ ( e, Mass 
Re ‘ ) We 
METHOD FOR CLEANING SKULLS OF SPECIMENS PRESERVED IN ALCOHOL 
I g rge series of bat is fou eces remove and clean the skulls 
8 el preserv ll orn I l ono lean these skulls b hand 
t e meant hours of painstaking bor with the probable result of damaged skulls 
The od ust mn some museums of soaki coholic material in a dilute solution of 
8 l ochk ( althoug! perh ps permis ble in the preparation ol material for 
ex! I no place in the cleaning of s sper ns for syste itic stud As yet 
s ce |} been discovered that will remove the flesh without affecting the bone in 
ne I has ere yet beer technician born whose skill and speed can compare 
handfull « dermestia ne tec 1ique described here, tl efore, is the re 
su ( is ero nake the skull ippetizing enough to dermestids so that they 
cou us to clean tt 
Sku re kept in rur ig water for about o days in order to remove as much alcohol 
or te possible. Th re then removed from the water and are partially dried with 
( ( yaper towel. After the uve ber llowed to dry in the air for about an hour 
r she ith liquid grease, mad up primarily from warmed bacon and beef fat, 
1 are then put in individual cardboard trays in a glass gallon jar which throughout this 
prow ‘ uncovered. Dermestid larvae are then collected and confined with the skulls, 
which are removed as soon as the ire cleaned 
The number of larvae added should, of course depend on the number and size of the 
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demarcation between the meadow loam and the glacial deposit. It 


to this village 


is barely possible that a horn of this type (ver 


y rare until Frick’s recent work in Alaska) 


was then discarded in a meadow (in shocking con- 
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skulls to be cleaned. If possible enough larvae should be put in the jar so that they com. 
pletely cover each skull when working on it. There is a tendency for the skulls at the top 
of the jar to be cleaned first, therefore, it is good practice to place on top those skulls which 


would be a small aquarium 





are needed most urgently. An improvement over a gallon jar 
since then, the skulls could be put in one or two layers, making their examination much 
simpler. It is important, when dermestids are so confined, to check the condition of the 


1 so that any possible damage 





skulls daily in order to remove those skulls that are finis 
to them may be prevented. The time required to clean a skull, of course, depends on tl 
relative number of larvae working on it. With enough dermestids, a squirrel skull treated 


with grease may be cleaned in one da\ 


This method has been used with success to clean skeletal material which was for some 


reason unattractive to the dermestids and had remained untouched by them for s« 





After these grease-treated skulls were “‘bugged,’’ very slight if any difference 
found between them and untreated skulls processed in the same manner. In no case was 
grease absorbed by the skull to any objectionable degree.—Luis pe La Torre, Unit 


of Michigan, Museum of Zoology, Ann Arbor, Michigan. Received December 7, 1950 


4 METHOD FOR STAINING THE SCALES OF COARSE HAIRS 





The hairs examined were the quills of a one day-old porcupine, Erethizon dorsat 
do fir These fiber were selected because the are characterized by the preser 
several distinct varieties of scales which cover the shaft continuously from tip to bas 
Such specimens offered a unique facility for the study of the different scale types, as 
lineated by the stain, while using only a single hair variety. Further, the quills of such 
young nimal were small enough to be convenient! j mounted upon slides for micros 
investig ) 

These fibers were processed according to the following formula. Carbon tetrachl 
was -d to wash the quills free from organic detritus; and, where necessar\ ble g 
W fected b a 10 per cent hydrogen peroxide solution The reagents were 
tained from the Fisher Scientific Company, Pittsburgh, Pa. Distilled water was e1 





ployed for the preparation of all solutions and washings 


1. The degreased quills were immersed in about 10 times their volume of a 10-per cer 
assium hydroxide solution for from 5 to 10 minutes 
2. The fibers were transferred without washing to about 10 times their volume of a II 


} 


| t to exceed 10 seconds 


per cent silver nitrate solution for an interval no 
3. They were washed and mounted in phenol lactate. The samples, however, ma 
processed through dioxane, or dehydrated in the usual manner, and mounted in permount 
or balsam 
To insure complete submersion in the solutions, the quills were bundled in short lengths 
of glass tubing whose ends were covered with coarse gauze. In addition, the applicators 


used for the transfer of the samples through the different solutions were paraffin-coated 
metal forceps 
The stained scales of these quills were tinted brown and were sharply delimited fro 


boundaries. As the stain intensified the su 





their neighbors DY clear, colorless interse: 


= 
face detail it was possible to more cogently scrutinize this region for surface characteristics 
viz.: smooth, punctate, knobbed, scrolled, or ridged. 

A variation of this method concerned the washing of the quills before their transfer to 
the silver nitrate solution. In that instance the scales were not stained, but interscala 
areas were rendered opaque by a black sediment. It was this latter procedure which elicited 
results comparable to those derived by the silver nitrate and ammonia water (MceMurtri 
U.S. Dept. Agric., Washington, 1886), and the colloidal dye (Hausman, Amer. Jour. Anat 
27: 403-435, 1920) methods, which fixed the outline of the scales 

The method specifically presented in the corpus provided a means of elaborating bot! 
the scale 
utilized during histology laboratory periods for the study of special hair types.—DoNALD 
S. Po-CHEDI EY, D’Y ouvill College, Buffalo I N. Y Recei ed October 24, 1950 


periphery and its surface peculiarities. It presented, also, a facility which can be 
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A NEW RACE OF BAT (NYCTICEIUS HUMERALIS) FROM SOUTHERN FLORIDA 

















top Investigations on the mammals of the southern portion of the Florida Peninsula have 
hi re lay iously unn ed race of the evening bat (Nycticetus humeralis (Rafinesque)) 
vy} ) ) as 
Ti 
th, Nycticeius humeralis subtropicalis subsp. nov. 
ag Adu female i and s§ ll ne 16916. Muser 1 of Zoology. University of 
t M lle« 2.5 les we of Me Station, Col County, Florida, by Ray- 
Port M 10. 1949 
Kno mnly fror he Mon St oO hicl t the inter 
| s¢ Tamiami Trail (U.S. 1 te 4 S te 94, Collier County, Florida, 
) \ } | v1 spt é from South 
} tru hort f bre tk brain case wider. General 
) t of typ Kixternal measurements; tot le th, 88 mn tail, 32 mm.; hind 
f 7 mm.;¢ fre tch, 1 I tragus, 5r earm, 38 mm. Skull: greatest length, 
length, 13.7 n gomat yreadth, 10.5 mn interorbital con 
str 1 yreaadt bral se, 8.7 ipper tooth 1 5.8 m Color: upper 
1 ] Rid ( ] Q ’ r ( lor Ne enclature 1912 the 
{ [ l t ) ceous Tawn on abdomen 
\ t ‘ / 
\ ( ( ( near 
} ha fal ais rament 
é ‘ R7 § RH—9N | J 4 5-37 hin< 
g . 2 (4-6). Skull 
: 3 g P 5 (14.2-14.7): condylobasal length, 
y ) 8 ‘ riction, 4.6 (4.6 
} Q QR 7 (8 R ‘ ) (55-6 The color of the 
4 } ’ ’ Cannan | . id 
1 | | | yn! ‘ he ( S srown, being brighter 
| r , fi les In color of mambi aa ind underparts. the series resembles 
} 
serie NV. } } S six fe les (U.M.M.Z 
j Qa) Qry ( ( South ¢ € ’ hat »tropical is 
g I ( sou ( s f the Bister, Mummy 
| ~ | he 1e of tl ¢ } from Charleston County 
te a es the burnished rk of the ith | la material. The South Carolina series 
} easurem«e ‘tal length, 9 83-98) : t 37.3 (33-40); hindfoot, 7 
f 7 - . oe} 1) (O11 f¢ 7 46 5-39 tracus, 3.6 (3-4 skull meas 
s 1 c 14.5 (1 14.7 ‘ h, 13.6 (13.4-14 gomatic 
tics ; bre ] ) 7-10.6 interorbital constricti tf 1448 breadth of brain case, 8.2 
8 .0-§ ym ) ro 5 ».7-6.3). Compariso f these two sets of data shows that 
rt ct racterised D smal external measurement ota length tail, 
Tore ea yma breadth an idth of the brain cas 
é avi Jour. M 95-38 44 + P : he ‘ lesser 
I ' t ul t engtl ) urge ! he skull o f n equal to that 
£ leng DI ge co eadth, breadth « the brain 
, 
ne cast ~ ‘ € ip t 
yn t \ r cubanu Gundlac h been show! Mille Notes on the bats collected 
NAI by Willia Palmer in Cub Proc. | S. Na Mu 97 338) to be much smaller than N. 


hur of the North American mainland. Comparison of Miller’s data for cubanus in 
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dicates that it is indeed smaller in measurements of total length, tail, hind foot, and fore- 
arm than is subtropicalis, its nearest geographical relative. 

Remarks:—A single specimen (U.M.M.Z. no. 58821) from Tampa Bay, Hillsborough 
County, Florida, has the skull measurements of typical subtropicalis, but the pelage color 
is that of humeralis; the external measurements are far larger than those of subtropicalis, 
and it has been here referred to N. h. humeralis 

Specimens examined:—Twenty, as follows: Nycticeius h. humeralis: Charleston Co., 
South Carolina, 6; Lee Co., Alabama, 4; Kalamazoo Co., Michigan, 1; Cobb Co., Georgia, 1; 
Hillsborough Co., Florida, 1. Nycticetus h. subtropicalis: Tamiami Trail, between one-half 
mile and 2.9 miles west of Monroe Station, Collier Co., Florida, 7—ALBertT Scuwartz, 
Museun of Zoology, University of Michigan, Ann Arbor, Michigan. Received October 2, 1950 


A SUBSTITUTE NAME FOR PETAURISTA PETAURISTA RUFIPES SOD\ 


The name Petaurista petaurista rufipes H. J. V. Sody, (Treubia, vol. 20, pt. 1, p. 68, 
April, 1949); type locality, Kluang, Palwmbang, Southeast Sumatra, is preoccupied by 
Petaurista petaurista rufipes G. M. Allen (Amer. Mus. Novitates, No. 163, p. 13, April 2, 
1925); type locality, Yungan, Fukien Province, China 

I should like to propose the name Petaurista petaurista sodyi for this flying squirrel 
from South East Sumatra WiiuraM P. H ARRIS, JR Museun of Zoology, Un of Vicl 
Ann Arbor, Mich. Received January 24, 1951 


+ 


REVIEW 


Hastings, Duke of Bedford. THe Years or Transition. London, Andrew Dakers Ltd. 
340 pp., photos. 1949 


This autobiography contains much information about the almost mythical Pére David’s 
deer and other rare mammals kept by the Duke of Bedford on his estate. The mammalogist 
will find other items of interest in this book, too, such as the following (p. 55): ‘*This mon 


grel fox terrier possessed a most extraordinary power, or gift which many people plagued 


with grey squirrels would have valued highly. Having chased a squirrel up a tree she would 
sit down and gaze fixedly at it and in due course, appar ntly mesmerized, it would arop 


from the branches into her expectant jaws!’’ The Duke is a devout Christian.—D. Amapon. 
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Jour., Wausau, vol. 28, no. 9, pp. 5-6, 17, illus. April, 1950 


ANONYMOl West \ irginia faces deer management problem West \ irgini 1 Conservation, 


Charleston, vol. 14, no. 1, pp. 9-10. April, 1950 








236 JOURNAL OF MAMMALOGY Vol. $2, No. 2 


Anonymous. Beleaguered bobcat arouses Sterlingites. Outdoors in Illinois, Springfield, 
vol. 16, no. 2, p. 14, illus. Spring, 1950. 

Antuony, J. Note complémentaire sur la morphologie externe du cerveau dans le genre 
Alouatta. Bull. Mus. Nat. Hist. Nat., Paris, ser. 2, vol. 22, no. 1, pp. 60 42, 
January, 1950. 

AsHBROOK, FRANK G. Annual fur catch of the United States. U. 8. Dept. Interior, Fish 
& Wildlife Service, Wildlife Leaflet 315, pp. 23. February, 1950. 

BacHMANN, ExizaBeta. Wily weasel—versatile villain. Conserv. Volunteer, St. Paul, 
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pp. 4-5, illus. February-March, 1950 

HANDLEY, Rouitanp B. Results of the 1949-50 deer trapping season. Mississippi Game & 
Fish, Jackson, vol. 13, no. 10, pp. 3-4. April, 1950. 

Hanpscuin, E. Das Okapi “‘Bambe’’ im Naturhistorischen Museum in Basel. Acta Trop- 
ica, Basel, vol. 7, no. 2, p. 187, illus. 1950. 
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Hanscum, Cuartes W. The buffalo in Wyoming. Wyoming Wild Life. Cheyenne, vol. 14, 
no. 3, pp. 14-17, 32-33, illus. April, 1950 

Hanson, JEAN. Differentiation of mammalian epidermis in tissue culture. Jour. Anat., 
London, vol. 84, pt. 1, pp. 30-36. January, 1950. 


Harpy, THora M. Puitt, anp Joun I. Harpy. Animal fibers used in brushes. Circ. U. 8. 
Dept. Agr., Washington, no. 802, pp. 15. January, 1949 
HaARGRAVE, CuarRLes W. The 1949 aerial muskrat survey. North Dakota Outdoors, Bis- 


marck, vol. 12, no. 6, p. 12. December, 1949. 
HARGRAVE, CHARLES W. Age and sex ratios of muskrats in N. D. North Dakota Outdoors, 
Bismarck, vol. 12, no. 9, p. 8, illus. March, 1950 


HARRINGTON, Lyn. The beaver can be a nuisance. Forest & Outdoors, Montreal, vol. 13, 


pp 8. 1947 
HarrIncton, Lyn. Where the elk and the buffalo play. Forest & Outdoors, Montreal, 
vol. 13, pp. 51-52. 1947 


Harrison, J. L. A key to the rats of Malaya. Malayan Nature Jour., vol. 3, no. 3, pp. 
130-141. 1948 

Harrison, J. | A key to the squirrels of Malaya. Malayan Nature Jour., vol. 3, no. 4, 
pp. 201-209, pl. 1. December, 1948 


Harrison, J. L. Malayan rodents. Malayan Nature Jour., vol. 4, no. 1, pp. 32-36, March, 


of the Malaysian rice-field rat. Nature, 
London, vol. 164, no. 4174, p. 746. October 29, 1949 

Harrison, J. L. The domestic rats of Malaya. Med. Jour. Malaya, vol. 4 
105, figs. 1-4. December, 1949 

HARRISON, J. | Some Malayan shrews. Malayan Nature Jour., vol. 5, no. 1, pp. 21-24 
illus. March, 1950 


Harrison, J. L. Effect of rain on the feedings 





, ho. 2, pp. 96- 


, 


Hatr, Ropert T., AnD BERNARDO VILLA R. Observaciones sobre algunos mamfferos de 
Yucatan y Quintana Roo. Anales Inst. Biol., Mexico, vol. 21, no. 1, pp. 214-240, 
illus. 1950 

Hayman, R. W. The Armstrong College Zoological Expedition to Siwa Oasis (Libyan 
Desert) 1935. Mammalia. Prox Egyptian Acad. Sci., Cairo, vol. 4, pp 38-42. 
1948 

Hepicer, H. La capture des éléphants au Pare National de la Garamba. Bull. Inst. Roy. 
Colonia Belge, vol. 21, fasc. 1 pp 218-226. 1950 

HeIno.tp, Georce. Squirrels are planters. Forest & Outdoors, Montreal, vol. 13, p. 419. 
1947 

Heter, E.mo W. Transplanting beavers by airplane and parachute. Jour. Wildlife Man- 
agement, Menasha, vol. 14, no. 2, pp. 143-147, April, 1950 

HipBarp, CLaupE W. Pleistocene vertebrate paleontology in North America. Bull. Geol. 
Soc. Amer., vol. 60, pp. 1417-1428, figs. 2. September, 1949. 

Hipsarp, CLaupE W., AND BerRNARDO VILLA R. El bisonte gigante de Mexico. Anales 
Inst. Biol., Mexico, vol. 21, no. 1, pp. 243-254, illus. 1950. 

Hispsparp, CLaupE W., AND Joun A. Witson. A new rodent from subsurface stratum in 
Bee County, Texas. Jour. Paleontol., Menasha, vol. 24, no. 5, pp. 621-623, illus. 
September, 1950. (New: Grangerimus sellardsi 

Hiuu, J. P., ann G. R. pe Beer. Development of the Monotremata, Part 7. The develop- 
ment and structure of the egg-tooth and the caruncle in the monotremes, and on 
the ovcurrence of vestiges of the egg-tooth and caruncle in marsupials. Trans. 
Zool. Soc. London, vol. 26, pt. 6, pp. 503-539, pls. 10. March, 1950. 

Hitt, W. C. Osman. Primates in the Royal Scottish Museum. Pt. I. Strepshirhini and 
Tarsioidea. Proc. Royal Phys. Soc., Edinburgh, vol. 23, pt. 3, pp. 155-164. 1948. 

Horer, R. Exploration du Pare National Albert. Inst. Parcs Nat. Congo Belge, Brussels, 
pp. 172, pls. 24. 1950 

Hooiser, D. A. Man and other mammals from Toalian sites in south-western Celebes. 
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Verhandel. Kon. Nederlandsche Akad. Wetensch., Afd. Natuurkunde, Amster- 
dam, sec. 2, vol. 46, no. 2, pp. 1-158, pls. 3. 1950. (New: Phalanger celebensis 
callenfelsi, Macaca maura majuscula, Macrogalidia musschenbroekii meridionalis, 
S 18 Cé le be nsis sSarasinorum, Babyrousa bab Jrussa bolabatue m818 ) 

Hooper, Emmet T. Descriptions of two subspecies of harvest mice (genus Reithrodon- 
tomys) from Mexico. Proc. Biol. Soc. Washington, vol. 63. pp. 167-170. December 
29, 1950. (New: Reitthrodontomys fulvescens infernatis, R. microdon wagne 


i 


Hooper, Emmet T. A new subspecies of harvest mouse (genus Reithrodontomys) from 
Chiapas, Mexico. Jour. Washington Acad. Sci., vol. 40, no. 12, pp. 418-419 
December 22, 1950. (New: Reith odontomys mexicanus scansor 

Hopkins, G. H. E. Lice of the hyraxes especially Procavia capensis. Jour. Entom. Soc 


South Africa, vol. 8, pp. 1-12. 1945 
Hosokawa, Hirosut. On the cetacean larynx, with special remarks on the laryngeal sack 


of the sei whale and the aryteno-epiglottideal tube of the sperm whale. Sci 


teports Whales Research Inst., Tokyo, no. 3, pp. 23-62, figs. 19. February, 


1950 
Husertus, Sien. Ladriiven. Svensk Jakt, Stockholm, vol. 88, no. 2, pp. 30-33. February 


15. 1950 
Humpurey, Buackmer. Tar trap treasure. Nat. Hist., New York, vol. 59, no. 3, pp. 120 
127, illus. March, 1950. (Prehistoric mammals 
Husson, A. M Over het voorkomen van de | 


land. Publ. Natuurhist. Genootschap 











Husson, A. M Aantekeningen over de hamster no. ll, 
pp. 111-115, figs. 3. November 30, 1949 
Hyper, Hersert P. 7 African elephants as geological indicators. Nature, London, v 
165, no. 4191, p. 326. Februar 1950 
INGLI I yp G An improved live trap for pocket gophers. Murrelet, Seattle, vol. 30 
no pp. 55-56, illus. February 1, 1950 
IsHIKAWA, YASUTARO. Protein digestive power of sperm whale pancreatic enzyme. II 
Re ch In Tol no. 3, pp. 71-78. Februa 1950 
der gewimperten Fledermaus, Myotis emarginat Geoffro 
in Millteleuropa. Bonner Zoologische Beitriige, Bonn, Jah1 1, Heft 1, pp. 1-10, 
hig +t. 1950 
Jacoss, Duang D Hot hone Yosemite Nat. Notes, vol. 29, no. 2, p. 20. Februar 1950 
Black bea 
James, W. Warwick, AND N. A. Barnico1 Dental lesions in baboons from the Society’ 


rdens. Proc. Zool. Soc. London, vol. 119, pt. 3, pp. 743-753, fig. 1, pls. 5. No 
vember 22, 1949 

JONES, FRED | The Sierra Nevada bighorn in Yosemite. Yosemite Nat. Notes, vol. 29, 
no. 2, p. 13. February, 1950 

KanMANN, Herman. Lebensbild der Kurzohr-maus in den Alpen. Natur und Volk, Fran! 


furt am Main, vol. 80, no. 3, pp. 71-77, illus. March 15. 1950 








KEaGY, HiLan | Toxoplasma in the chinchill 1. Jour Amer. Vet Med Assoc., Chicago, 
vol. 114, no. 862, p. 15, illus. 1949 

Keita, Artuur. An account of five unpublished Huxleyan plates illustrating the crani 
ology of young anthropoid apes. Proc. Zool. Soc. London, vol. 119, pt. 4, pp. 839 
860, pls. 5. February 1, 1950 

KELLoGG, CHARLEs ] Fur farming possibilities. Leaflet U. 8. Dept. Agr., Washington, 


no. 267, pp. 9, illus. January, 1950 

Kennepy, Arnotp H. The veterinarian’s approach to disease problems in the mink 
Cornell Vet., Ithaca, vol. 39, no. 1, pp. 64-68. 1949 

Kennepy, A. H. Report on a condition affecting foxes caused by shigella organisms 
Canadian Jour. Comp. Med. & Vet. Sci., vol. 14, no. 2, pp. 49-53. 1950 

Kerr, Joun Granam. Note on the occurrence of a walrus in the Firth of Clyde. Glasgow 


Naturalist, vol. 15, pt. 3, p. 104. October, 1949 
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KostroX, Karey. Koéné Zlazy a ich v¥snam v Zivote nasej zveri. [Dermal glands of game 
mammals and their importance for habits] Polovnicky Obzor, vol. 3, nos. 20-22, 
pp. 1-8, illus. 1949. 

KostroN, Karet. Nékleré morfologické zajfmavosti u nelopf¥refii obecnfch Myotis myo- 
tis (Borkhausen) 1797 z Moravy. [Some morphologic differences in Myotis myotis 
from Moravia.] Zvl4stni otisk z Cas. Vlast. spolku musejniho v Olomouci, vol. 
58, pp. 1-9, figs. 3. 1949. 

Kreis, Hans A. Die Diagnose des Nematodenbefalles beim lebenden Tier, mit besonderer 
Berucksichtigung der Befunde beim Okapi “‘Bambe.”’ 
7, no. 2, pp. 151-163, figs. 14. 1950 

KruMBIEGEL, I. Wie fiittere ich gefangene Tiere? Verlag Naturkunde, Berlin, pp. 131. 
1949 

LARRISON, Eart J. [Review of] Mammals of Washington, by Walter W. Dalquest. Murre- 
let, Seattle, vol. 29, no. 1, pp. 13-14. August 20, 1948 

LARRISON, Earu J. Variation in the chipmunks of west-central Washington. Part II. 
Murrelet, Seattle, vol. 30, no. 2, pp. 27-34, illus. October 14, 1949. 

LascELLES, Tony. Are wild animals ferocious? Forest & Outdoors, Montreal, vol. 13, pp. 
24, 31. 1947 

Lawson, HELEN, AND Britt Lawson. Mammal tracks and facts. Badger, bats. Ohio Con- 
serv. Bull., Columbus, vol. 14, no. 4, pp. 4-5, illus. April, 1950 

Lee, W.A. Six months in a beaver dam. Nat. Fur News, Denver, vol. 22, no. 3, pp. 10-11, 
23, illus. April, 1950 

Leepy, DanteEt L. Ohio’s status as a game and fur producing state. Ohio Jour. Sci., Co- 
lumbus, vol. 50, no. 2, pp. 88-94. March, 1950 


Acta Tropica, Basel, vol. 


Lewis, THomas Howarp. The morphology of the pectoral girdle and anterior limb in 


Aplodontia. Jour. Morphol., Philadelphia, vol. 85, no. 3, pp. 533-558, pls. 4. 
November, 1949 
jerorsS, LinporM. Om grythundar for rav och deras ovning. Svensk Jakt, Stockholm, 

vol. 88, no. 3, pp. 60-63, illus. March 15, 1950 

LILLIEHOOK, GUSTAE Skansenalgen tusse. Svensk Jakt, Stockholm, vol. 88, no. 4, pp. 
92-93, illus. April 18, 1950 

Lone, Wiiu1aAmM J. Learning from the moose. Sports Afield, New York, vol. 123, no. 3, 
pp. 26-27, 62-66, illus. February, 1950 

Low, Jessop B. Muskrat harvest in Utah. Utah Coop. Wildlife Research Unit, State 
Agr. College, Logan, pp. 18, illus. 1949 

Low, Jessop B. Rocky Mountain mule deer investigations. Deer losses on the Cache 
deer herd. Winter of 1948-1949. Quart. Rept. Utah Coop. Wildlife Research 
Unit, Logan, vol. 14, no. 3, pp. 1-18. July-September, 1949 

Low, Jessop B. A population study of the South Cache elk herd. Quart. Rept. Utah 
Coop. Wildlife Research Unit, Logan, vol. 14, no. 3, pp. 19-25. July-September, 
1949 

Low, Jessop B. Life history and ecology of the muskrat in Utah. Quart. Rept. Utah Coop. 
Wildlife Research Unit, Logan, vol. 14, no. 3, pp. 47-58. July-September, 1949. 

Lowrance, E. W. Variability and growth of the opossum skeleton. Jour. Morphol., 
Philadelphia, vol. 85, no. 3, pp. 569-593. November, 1949 

Macponatp, J. R. A new species of Nimravus from the Upper Oligocene of South Dakota. 
Journ. Paleontol., vol. 24, no. 5, pp. 601-603, fig. 1. September, 1950. (New: 
Nimravus altidens 

MacDowe tt, E. C. ‘“Light’”—A new mouse color. Jour. Heredity, Washington, vol. 41 


> 


no. 2, pp. 35-36, illus. February, 1950. 


Macxintosu, N. A. The work of the Discovery Committee. Proc. Royal Soc. London, 
ser. A, vol. 202, pp. 1-16, pls. 4. 1950. 

Mansveti, Romeo. Extinct and vanishing mammals of Maryland and District of Co- 
lumbia. Maryland Nat., Nat. Hist. Soc. Maryland, Baltimore, vol. 20, nos. 1-2, 
pp. 2-48, illus. 1950. 
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Marcuant, 8. Aspects of the fauna of the Owerri Province. Nigerian Field, vol. 14, no. 2, 
pp. 47-51. April, 1949. 

Marr, Patricia. Emil Liers, the otter man. Nature Mag., Washington, vol. 43, no. 3, 
pp. 127-129, illus. March, 1950. 

Marueson, Coin. Longevity in the grey seal. Nature, London, vol. 166, pp. 73-74. 
July 8, 1950. 

Matson, J.R. The black bear: a good citizen. Bulletin to the Schools, New York, vol. 36, 
no. 7, pp. 190-194, illus. March, 1950. 

Mayer, Dorotuy R. The marten in the woodpile. Yosemite Nat. Notes, vol. 29, no. 2, 
pp. 17-18, illus. February, 1950. 

MELLEN, Ipa M. The Egyptian jerboa. Scottish Zoo & Wild Life, Edinburgh, vol. 1, 
pt. 2, pp. 62-64, illus. July, 1948. 

McIntyre, Rosert N. The “Panda Bear” of the squirrel world. Yosemite Nat. Notes, 
vol. 29, no. 4, pp. 36-41, illus. April, 1950. (Flying squirrel 

McKe vie, Nett. Meet the animals of central B. C. Rod & Gun in Canada, Montreal, 
vol. 48, no. 11, pp. 10-11. 1947. 

McKim, Louis T. Pursuit of the prairie wolf. Forest & Outdoors, Montreal, vol. 13, p. 17. 


1947. 
Me.tuaArpT, Dieter. Der Dachs. Verlag Naturkundliche Korrespondenz, Berlin, pp. 79. 
1949. 


Mizve, Kazuntro. Factory ship whaling around Bonin Islands in 1948. Sci. Reports 
Whales Research Inst., Tokyo, no. 3, pp. 106-118. February, 1950. 

Mizve, Kazuntro, AND Hisako Jimspo. Statistic study of foetuses of whales. Sci. Reports 
Whales Research Inst., Tokyo, no. 3, pp. 119-131, figs. 12. February, 1950. 

Moser, Erna. Schlitzrussler. Natur und Volk, Frankfurt am Main, vol. 79, nos. 11-12, 
pp. 295-300, illus. December 15, 1949 

Mour, Erna Kleine Zahnbeobachtungen im Zoologischen Garten. Zool. Garten, N. F 


vol. 17, nos. 1-5, pp. 84-87, figs. 7. 1950. 


’ 


Mour, ERNA Seobachtungen an Fjall- und Waldlemmingen Lemmus lemmus (L.) und 
Myopus schisticolor (Lilljeborg). Zool. Anz., Leipzig, vol. 145, nos. 5-6, pp 
126-137, figs. 11. 1950 

Mour, Erna. Behaarung und Haarwechsel der Robben. Neue Ergebnisse und Probleme 
der Zoologie (Klatt-Festschrift), Leipzig, pp. 602-614, figs. 6. 1950. 

Montaana, WiiuiaM. The glands in the external auditory meatus of the cat. Jour. Mor- 
phol., Philadelphia, vol. 85, no. 3, pp. 423-442, pls. 2. November, 1949. 

Moraes Macepo, Carios. La vida en los mares del Peru. Bol. Mus. Hist. Nat. “Javier 
Prado,” Lima, vol. 10, nos. 1-2, pp. 3-31, illus. 1946. 

Moran, P. A. P. The statistical analysis of the sunspot and lynx cycles. Jour. Animal 
Ecol., Lancaster, vol. 18, no. 1, pp. 115-116. May, 1949 

Mort, Takasiro, AND Masamicui Sarki. Properties of fats and oils contained in various 
parts of a sperm whale body. Sci. Reports Whales Research Inst., Tokyo, no. 3, 
pp. 79-84. February, 1950. 

Morris, R. F. Differentiation by small mammal predators between sound and empty 
cocoons of the European spruce sawfly. Canadian Entom., Guelph, vol. 81, no. 
5, pp 114-120, illus May, 1949. 

Morrison-Scorr, T. C.8., anp F.C. Sawyer. The identity of Captain Cook’s kangaroo. 
Bull. Brit. Mus. (Nat. Hist.), Zool., vol. 1, no. 3, pp. 45-50, pls. 3-5. March, 
1950. 

NEWMAN, CoLeMAN. Our armored invasion. Louisiana Conservationist, New Orleans, 
vol. 2, no. 6, pp. 14-15, illus. February, 1950. (Armadillo 

NISHIWAKI, MASAHARU, AND Kazuo Hayasat. Biological survey of fin and blue whales 
taken in the Antarctic season 1947-48 by the Japanese fleet. Sci. Reports Whales 
Research Inst., Tokyo, no. 3, pp. 132-190, figs. 50. February, 1950. 

No.an, Joun F. The friendless hunter. Yosemite Nature Notes, vol. 29, no. 2, pp. 14-15. 
February, 1950. (Mountain weasel) 
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Norris, J.J. Effect of rodents, rabbits, and cattle on two vegetation types in semidesert 
range land. Bull. New Mexico Agr. Expt. Sta., no. 353, pp. 23, illus. January, 
1950. 

Ocawa, TEIzo, AND Tosuttomo Su1pa. On the sensory tubercles of lips and of oral cavity 
in the sei and fin whale. Sci. Reports Whales Research Inst., Tokyo, no. 3, pp. 
1-16, figs. 9. February, 1950. 

One, TapAHIRO. Distribution of the red marrow in bones of the fin whale. Sci. Reports 
Whales Research Inst., Tokyo, no. 3, pp. 17-22, fig. 1. February, 1950. 

O:serc, Gunter. Uber die Lebensweise des Bibers in Sudnorwegen. Natur und Volk, 
Frankfurt am Main, vol. 80, no. 3, pp. 57-66, illus. March 15, 1950. 

O’NeiL, Tep. The muskrat in the Louisiana coastal marshes. A study of the ecological, 


geological, biological, tidal, and climatic factors governing the production and 
management of the muskrat industry i 


fi 
p 





Fisheries, New Orleans, pp. 152, illus., 2 folding maps. 1949. 
Parry, D. A. The swimming of whales and a discussion of Gray’s paradox. Jour. Exper. 
Biol., London, vol. 26, no. 1, pp. 24-34, illus. 1949. 
Parmer, Rate S. Fluctuating game populations and the sportsman. Proc. 1948 North- 
7-120. 1948. 
iporro nel Veronese. Mem. Mus. Civico Storia 
Nat. Verona, vol. 1, pp. 165-175, illus. 1949. (Eleven species of mammals) 


east Game Conf., Boston, pp. 11 
‘ald 


Pasa, ANGELO. Le brecce ossifere di \ 


Patrerson, Donaup. Beaver-trout relationships. Wisconsin Conserv. Bull., Madison, 
vol. 15, no. 3, pp. 9-11, illus. March, 1950 

Penn, KATHERINE E. Some common mink diseases. Nat. Fur News, Denver, vol. 21, no. 
12, p. 31. January, 1950. 


Puitip, CoRNELIUs B., AND Ropert Travus. Two new species of trombiculid mites from 
Malayan bats. Jour. Parasitol., Lancaster, vol. 36, no. 1, pp. 29-33. February, 
1950. 

Pixs, Gorpon C Whal 


soard of Canada, no. 81, pp. 84-86. December, 1949 


lentification. Progress Rept. Pacific Coast Sta., Fisheries Res. 





PIMENTEL, Ricuarp A. Black rat and roof rat taken in central Oregon coast strip. Mur- 
relet, Seattle, vol. 30, no. 3, p. 52. February, 1, 1950 

Porsttp, A. E. A biological exploration of Banks and Victoria Islands. Arctic, Montreal, 
vol. 3, no. 1, pp. 45-54, illus. April, 1950 

Ports, MeruINn K., AND Russett K. Grater. Mammals of Mount Rainier National Park. 
Mount Rainier Nat. Hist. Assoc., Longmire, pp. 86, illus. 1949. 

Price, W. Armstrona. Pocket gophers as architects of mima (pimple) mounds of the 
western United States. Texas Jour. Sci., Huntsville, vol. 1, no. 1, pp. 1-17, 
illus. March, 1949. 

Ramsay, W. H. Flying squirrels in the north? Nigerian Field, vol. 15, no. 2, pp. 94-95. 
April, 1950. (Anomalurids 

Ranp, R.W. Studies on the Cape fur seal (Arctocephalus pusillus Schreber). 1. Age-group- 
ing in the female. Progress Rept. Govt. Guano Islands Admin., Union of South 
Africa Dept. Agr., pp. 24. 1950. 

tanp, R. W. Studies on the Cape fur seal (Arctocephalus pusillus Schreber). 2. Attend- 
ance at the rookery. Progress Rept. Govt. Guano Islands Admin., Union of 
South Africa Dept. Agr., pp. 22. 1950 

tanp, R. W. Branding in field-work on seals. Jour. Wildlife Management, Menasha, vol. 
14, no. 2, pp. 128-132, pl. 3. April, 1950. 

Ravuscu, Ropert. Observations on histopathological changes associated with starvation 
in Wisconsin deer. Jour. Wildlife Management, Menasha, vol. 14, no. 2, pp. 
156-161, pls. 6-7. April, 1950. 

Ravuscu, Ropert. Notes on microtine rodents from the Brooks Range, Arctic Alaska. Jour, 
Washington Acad. Sci. vol. 40, no. 4, pp. 133-136. April 21, 1950. (New: Microtus 

miurus panealkt) 
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Reap, Harry. White squirrel town. Nat. Hist., New York, vol. 58, no. 9. p. 403, illus. 
November, 1949. 

RemineTon, Jack D. Ecology and economics of the Rocky Mountain marten. Quart. 
Rept. Colorado Coop. Wildlife Research Unit, Fort Collins, vol. 3, no. 3, pp. 
21-27. January-March, 1950. 

Res.ter, Georce W. The Wisconsin rabbit-trapping program. Wisconsin Conservation, 
Madison, vol. 15, no. 4, pp. 13-15, illus. April, 1950. 

REWELL, R.E. Report of the society’s pathologist for the year 1948. Proc. Zool. Soc. Lon- 
don, vol. 119, pt. 4, pp. 791-802. February 1, 1950. 

Rewe.., R.E. Hypertrophy of sebaceous glands on the snout as a secondary male sexual 
character in the capybara, Hydrochoerus hydrochoeris. Proc. Zool. Soc. London, 
vol. 119, pt. 4, pp. 817-819, pl. 1. February 1, 1950. 

Reynotps, H. G., anp G. E. GLENDENING. Merriam kangaroo rat a factor in mesquite 
propagation on southern Arizona range lands. Jour. Range Management, Bal- 
timore, vol. 2, no. 4, pp. 193-197, illus. October, 1949. 

Ricwarps, [Mrs.] A. M. Mrs. Richard’s beavers. New York State Conservationist, Al- 
bany, vol. 4, no. 2, pp. 18-19, illus. October-November, 1949. 

Ricumonp, Nett D., anp Wiiu1am C. Grimm. Ecology and distribution of the shrew 
Sorex dispar in Pennsylvania. Ecology, Lancaster, vol. 31, no. 2, pp. 279-282. 
April, 1950. 

Roserts, B. G. Trapping the raccoon and the mink. Amer. Nat. Fur & Market Jour., 
Wausau, vol. 28, no. 8, pp. 17, 22. March, 1950. 

Rosertson, Hunter. Jackrabbit weight. Hunting & Fishing in Canada, vol. 13, no. 10, 
p. 44. 1947. 

t0ONWAL, M. L. Systematics, ecology and bionomics of mammals studied in connection 
with tsutsugamuschi disease (scrub typhus) in the Assam-Burma war theater 
during 1945. Trans. Nat. Inst. Sci. India, Delhi, vol. 3, pp. 67-122. 1948. 

Roonwau, M. L., anp Buota Natu. Discontinuous distribution of certain Indo-Ma- 
layan mammals, and its zoogeographical significance. Proc. Nat. Inst. Sci. 
India, Delhi, vol. 15, no. 8, pp. 375-377, figs. 3. November-December, 1949. 

Rosevear, D. R. Nigerian animals that don’t exist. Nigerian Field, vol. 13, no. 1, pp 
6-14, figs. 7. January, 1948. 

Rosevear, D. R. [Bates’s dwarf antelope (Hylarnus batesi).] Nigerian Field, vol. 13, 
no. 1, p. 29. January, 1948. 

Rosevear, D. R. On bringing up a hare. Nigerian Field, vol. 14, no. 2, pp. 41-47, pls. 4. 
April, 1949. 

Rosevear, D.R. The rodents of Nigeria. Nigerian Field, vol. 14, no. 3, pp. 93-101, pls. 2. 
July, 1949. 

Rosevear, D. R. Rodents of Nigeria. Part II. Squirrels. Nigerian Field, vol. 15, no. 1, 
pp. 4-18, pls. 7. January, 1950. 

RoTH, Ursuta. Rangordnung bei Laboratoriumsmiusen. Zool. Garten, N.F., vol. 17, 
nos. 1-5, pp. 126-128. 1950. 

Russeti, A. C. Collecting for a zoo. Nigerian Field, vol. 14, no. 1, pp. 10-19, pls. 10. 
January, 1949. 

RyrseroG, Ouror. Fladderméssen. Svenska Djur. Diggdjuren, P. A. Norstedt & Sdéner, 
Uddevalla, pp. 555-575, illus. 1949. 

SANBORN, CoLin CAMPBELL. Chiroptera from Dundo, Lunda, northeastern Angola. 
Publicacgdes Culturais da Companhia de Diamantes de Angola, Lisbon, no. 10, 
pp. 53-62, figs. 1-5. November 29, 1950. (New: Micropteropus grandis 

Sanporn, Coittin CamMpBELL. New Philippine fruit bats. Proc. Biol. Soc. Washington, 
vol. 63, pp. 189-190. December 29, 1950. (New: Pteropus leucotis, P. l. obscurus) 

SANDERSON, GLEN C. Iowa’s 1949 beaver season. Iowa Conservationist, Des Moines, 
vol. 9, no. 3, pp. 17, 23-24, illus. March 15, 1950. 

SanpeRson, GLEN C. Iowa deer herds—1950. Iowa Conservationist, Des Moines, vol. 9, 
no. 4, pp. 25, 31. April 15, 1950. 
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SANDERSON, Ivan T. A brief review of the mammals of Suriname (Dutch Guiana), based 
upon a collection made in 1938. Proc. Zool. Soc. London, vol. 119, pt. 3, pp. 755- 
789, pls. 7. November 22, 1949. 

Saxer, E. Beobachtungen iiber die infectiose Enzephalitis bei Fuchs und Hund. Schweiz. 
Arch. Tierheilk, vol. 90, no. 10, pp. 565-582, illus. 1948. 

Scnantz, Viova 8. A new race of badger (Taxidea) from Kansas. Jour. Washington 
Acad. Sci., vol. 40, no. 3, pp. 92-93. March 21, 1950. (New: Tazidea taxus mer- 
riami) 

Scuerrer, Victor B. Dolphins—little known mammals of the Pacific. Pacific Discovery, 
San Francisco, vol. 2, no. 4, pp. 18-22, illus. July-August, 1949. 

ScnErrerR, Victor B. Experiments in the marking of seals and sea-lions. Special Sci. 
Report Wildlife, Fish & Wildlife Service, no. 2, pp. 31, illus. April, 1950. 

ScHEIDEGGER, 8., AND W. WENDNAGEL. Eine besondere Erkrankung des Skelettsystems, 
Osteodystrophia deformans beim Orang. Zool. Garten, Leipzig, N. F., vol. 16, 
nos. 3-4, pp. 66-74, figs. 8. 1949. 

ScuerpecGER, 8. Pathologisch-anatomische Untersuchung des Okapi “Bambe.”’ Acta 
Tropica, Basel, vol. 7, no. 2, pp. 133-150, figs. 20. 1950. 

Scnerin, Martin W. Field test of the efficiency of the rodenticide compound W.A.R.F. 42. 
U.S. Public Health Repts., Washington, vol. 65, no. 11, pp. 368-372. March 17, 
1950. 

Scumipt, Kart Patrerson. Wilfred Hudson Osgood, 1875-1947. Auk, Lancaster, vol. 67, 
no. 2, pp. 183-189, pl. 5. April, 1950. 

Scumipt-NIELSEN, Bop1L, AND Knut Scumipt-NIELsEN. Evaporative water loss in desert 
rodents in their natural habitat. Ecology, Lancaster, vol. 31, no. 1, pp. 75-85, 
illus. January, 1950. 

Scuuttz, C. BERTRAND, AND CHARLES H. FALKENBACH. Phenacocoelinae, a new sub- 
family of oreodonts. Bull. Amer. Mus. Nat. Hist., New York, vol. 95, art. 3, pp. 
87-150, illus. November 13, 1950. (New: Subfamily Phenacocoelinae, Phena- 
cocoelus kayi, P. stouti, Hypsiops, H. luskensis, H. johndayensis, Submeryco- 
choerus, Pseudomesoreodon, P. rooneyt, P. rolli, ?P. boulderensis) 

Seacrears, CLayt. Furs of New York, past and present. New York State Conservationist, 
Albany, vol. 4, no. 3, pp. 20-21, illus. December, 1949-January, 1950. 

SEAMANS, Roger. Deer management. Proc. 1948 Northeastern Game Conf., Boston, pp. 
41-43. 1948. 

Setzer, Henry W. Two new shrews of the genus Cryptotis from Panama. Jour. Washing- 
ton Acad. Sci., vol. 40, no. 9, pp. 299-300. September 29, 1950. (New: Cryptotis 
zeteki, Cryptotis enderst) 

SeverincHaAus, C. W. Development of a method for determining the age of white-tailed 
deer. Proc. 1948 Northeastern Game Conf., Boston, pp. 33-37, 1948. 

SevertncHaus, C. W. Deer—the live weight-dressed weight and live weight-edible meat 
relationships. New York State Conservationist, Albany, vol. 4, no. 2, p. 26. 
October-November, 1949. 

SHACKLETON, Putt. Making sure of the fur harvest. Forest & Outdoors, Montreal, vol. 
13, p. 112. 1947. 

SHACKLETON, Putt. Whaling in Manitoba. Forest & Outdoors, Montreal, vol. 13, p. 406. 
1947. 

SHakHnazarov, G. M., anp A. D. OpuxHova. Kormlenie lanei (Dama dama L.) Trudy 
Moskovskogo Zooparka [Proc. Moscow Zool. Park], vol. 3, pp. 72-82. 1946. 

Suerarp, Ernest E. Big game management. Hunting & Fishing in Canada, Montreal, 
vol. 13, no. 4, pp. 10-11. 1947. Pe 

SHeparp, Ernest E. Big game census. Hunting & Fishing in Canada, Montreal, vol. 
13, no. 6, p. 50. 1947. 

Snerarp, Ernest E. Raccoons and geese. Hunting & Fishing in Canada, Montreal, 

vol. 13, no. 7, p. 46. 1947. 
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Sueprarp, Ernest E. Wolves tough on deer. Hunting & Fishing in Canada, Montreal, 
vol. 13, no. 10, p. 24. 1947. 

Strvonen, Lauri. Decline in numerous mammal and bird populations in northwestern 
Europe during the 1940’s. Papers on Game Research, Game Research Inst., 
Helsinki, no. 2, pp. 26, illus. 1948. 

SxunckeE, Foutxe. Algen. P. A. Norstedt & Sons, Stockholm, pp. 400, illus. 1949. 

Samira, AkrHuR D. Mule deer vs. livestock. Utah Fish & Game Bull., Salt Lake City, vol. 
7, no. 12, pp. 1, 4, 7, illus. March, 1950. 

Soperstrom, Eric. Drevhunden och jaktvarden. Svensk Jakt, Stockholm, vol. 88, no. 3, 
pp. 56-59, ilus. March 15, 1950. 

Sopy, H. J. V. Ona collection of Sciuridae from the Indo-Malayan and Indo-Australian 
regions with descriptions of 20 new species and subspecies, and with some re- 
marks on the essential significance and the denomination of subspecies. Treubia, 
Buitenzorg, vol. 20, pt. 1, pp. 57-120. April, 1949. (New: Petaurista petaurista 
rufipes, P. p. interceptio, P. elegans slamatensis, Hylopetis sagitta sumatrae, 
Petinomys hageni ouwensi, Iomys winstoni, Sciurillus murinus griseus, Callo- 
sciurus notatus kalianda, C.n. prinsulae, C. n. magnificus, C. n. vinocastaneus, C. 
nigrovittatus salakensis, C. n. bantamensis, C. n. phoenicurus, C. n. tenggerensis, 


C. prevostii waringensis, C. p. coomansi, Lariscus insignis auroreus, L. i. di 





soides, L. i. atchinensis) 

Sopy, H. J. V. Notes on some Primates, Carnivora, and the babirusa from the Indo-Ma- 
layan and Indo-Australian regions (with descriptions of 10 new species and sub- 
species). Treubia, Buitenzorg, vol. 20, pt. 2, pp. 121-190, folding table. October, 
1949. (New: Hylobates lar pongoalsoni, Macaca irus karimondjawae, M. i. sub- 
mordaz, Cynopithecus togeanus, Tarsius fuscus pelengensis, Nycticebus coucang 
brachycephalus, Prionodon linsang interliniurus, Herpestes javanicus tjerapai, 


Prionailurus bengalensis alleni, Barbirussa babyrussa togeanensis 


Sracer, Kennetu | A new cacomistle from southeastern California. Proc. Biol. Soc. 
Washington, vol. 63, pp. 203-204. December 29, 1950. (New: Bassariscus astutus 
willetti) 


Srernicer, Fritz. Ratten-iberfall auf die Hamburger Hallig. Natur & Volk, Frankfurt 
am Main, vol. 80, no. 3, pp. 94-99, illus. March 15, 1950. 

STENLUND, Mitton H. Minnesota deer facts. Conservation Volunteer, St. Paul, vol. 7 
no. 72, pp. 29-32, illus. September-October, 1949 

Stock, Cuester. Bears from the Pleistocene cave of San Josecito, Nuevo Leén, Mexico. 
Jour. Washington Acad. Sci., vol. 40, no. 10, pp. 317-321, fig. 1. October 23, 1950. 
(New: Tremarctos mezxicanus) 

Srotx, ANtH. Tumours in whales. Amsterdam Naturalist, vol. 1, no. 1, pp. 28-33, figs. 6. 
April 14, 1950 

Storr, Ken, Jr. Monster of the mist forests. Nat. Hist., New York, vol. 59, no. 1, pp. 20- 
23, illus. January, 1950. (Black rhinoceros 

Tate, G.H.H. The Muridae of the Cocos-Keeling Islands. Bull. Raffles Mus., Singapore, 
no. 22, pp. 271-277. April, 1950. (New: Rattus rattus keelingensis 

Tawara, TADASHI, AND Rrusuke Fuxazawa. Studies on Kitol. I. Preparation of Kitol 
from whale liver oil. Sci. Reports Whales Research Inst., Tokyo, no. 3, pp. 85- 
88, figs. 4. February, 1950. 


TAWARA, TADASHI, AND RyusukeE FuKAzAwa. Studies on Kitol. II. Influence of Kitol 


fraction on the determination of the international unit of vitamin A. Sci. Reports 
Whales Research Inst., Tokyo, no. 3, pp. 89-91. February, 1950. 

Tawar, TADASHI, AND RyusuKE Fukazawa. Studies on Kitol. III. The effect of sunlight, 
air and heat on the vitamin A and Kitol fractions. Sci. Reports Whales Research 
Inst., Tokyo, no. 3, pp. 92-95. February, 1950. 

Tawara, Tapasut. On the respiratory pigments of whale (Studies on whale blood. II.) 
Sci. Reports Whales Research Inst., Tokyo, no. 3, pp. 96-101. February, 1950. 
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Taytor, WALTER P. What can my sportsman’s club do? Louisiana Conservationist, New 
Orleans, vol. 2, no. 6, pp. 16-18, 22. February, 1950. 

Temsrock, Ginrer. Grundziige der Schimpansen-Psychologie. Verlag Naturkundliche 
Korrespondenz, Berlin, pp. 96, pls. 4, 1949. 

Tentus, K. Bericht itiber die Forschung der Arbeitsgemeinschaft ‘“‘Saiugetiere”’ in der 
AZHN. Beitrige Naturk. Niederschsens, Osnabriick, vol. 3, no. 3, pp. 57-61. 
1950. 

Tuentus, Ertcu. Uber Gebissanomalien und pathologische Erscheinungen bei fossilen 
Siugetieren. Sitzungsber. Osterreichische Acad. Wissensch., Vienna, Abt. 1 
vol. 158, no. 4, pp. 271-286, illus. 1949. 

Tuenius, Ericu. Der erste Nachweis einer fossilen Blindmaus (Spalaz hungaricus Nehr.) 
in Osterreich. Sitzungsber. Osterreichische Acad. Wissensch., Vienna, Abt. 1 
vol. 158, no. 4, pp. 287-298, fig. 1, table 1. 1949. 

Tuenius, Ertcu. Die Lutrinen des steirische Tertiirs. (Beitriige zur Kenntnis der Séuge- 

thierreste des steirischen Tertiirs, 1.). Sitzungsber. Osterreichische Acad. Wis- 

sensch., Vienna, Abt. 1, vol. 158, no. 4, pp. 299-322. 1949. 

Ericu. Uber die systematische und phylogenetische Stellung der Genera Pro- 

meles und Semantor. Sitzungsber. Osterreichische Acad. Wissensch., Vienna, Abt. 

1, vol. 158, no. 4, pp 323-336. 1949 

Tuompson, Gorpon B. Ticks of Jamaica, B. W. I. (The mongoose (Herpestes javanicus 
auropunctatus Hodgson)). Ann. & Mag. Nat. Hist., London, ser. 12, vol. 3, no. 
27, pp. 220-229. March, 1950. 

Tuompson, H. V. Studies of the behavior of the common brown rat (Rattus norvegicus 
Berkenhout). Bull. Animal Behavior, London, no. 6, pp. 26-40. 1948. 
TRUMBULL, STEPHEN. Sea cows making comeback. Audubon Mag., New York, vol. 51, 

no 5, p. 337 September-October, 1949 


’ 


’ 


THENIUS 


Unuic, Hans G. Inbreeding among wildlife. West Virginia Conserv., Charleston, vol. 13, 


‘ 
no. 10, pp. 9-10. January, 1950 


Ursin, Entx. Zoogeographical remarks on the mammals occurring on the islands south of 
Funen (Denmark). Vidensk. Medd. Dansk Naturh. Foren., vol. 112, pp. 35-62, 
illus. 1950 

Van Deinse, A. B. Het geraamte van de walvis van Herman Kessels, December 1828 te 
Rotterdam. Rotterdams Jaarboekje, 1950, pp. 1-7, pls. 2. 1950. 

Van Meter, Lewis. Chinchilla breeding for quality. Nat. Fur News, Denver, vol. 22, 
no. 1, pp. 18, 34, illus. February, 1950 

Vesa, D. B., R. W. Nyman, AND R.H.Genscu. The relation of beaver to swamp timber 
management in Koochiching County, Minnesota. Proc. Soc. Amer. Foresters’ 
Meeting, Washington, December 17-20, 1947, pp. 195-200, illus. 1948. 

Vitta R., BERNARDO. Status de Oryzomys c. f. melanotis. Anales Inst. Biol., Mexico, vol. 
21, no. 1, p. 241. 1950 

Vitta R., BernarpDo. Los venados en Mexico. Secretaria de Agriculturia y Ganaderia, 
Departamento de Caza, Mexico, Boletin de Divulgacién, no. 1, pp. 32, illus. 1950. 

Watker, Lewis Wayne. Nursery of the gray whales. Nat. Hist., New York, vol. 58, no. 
6, pp. 248-256, illus. June, 1949. 

Watker, ErnestP. More about animal behavior. Ann. Rept. Smithsonian Inst., Washing- 
ton, 1949, publ. 4006, pp. 261-292, pls. 16. 1949. 

Wampo.e, Joun H., anp Epson Ficuter. Management of native deer in Nebraska. Parts 
I and IT. Wildlife Management Notes, Lincoln, vol. 1, nos. 4-5, pp. 15-22, illus. 
March, 1949. 

Wasupurn, Met. We’re planting squirrels now. Louisiana Conservationist, New Orleans, 
vol. 2, no. 4, pp. 4-5, 21-22, illus. December, 1949 

Wuitre, G. V.S. Observations on pseudopregnancy and associated body weight changes 

in the golden hamster. Jour. Tennessee Acad. Sci., vol. 24, no. 3, pp. 216-219, 

illus. 1949. 
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Wurrenarr, C. K., A. E. Scoanrer, anp C. A. Etvensem. Experiments indicate “yellow 
fat’’ is of nutritional origin. Black Fox Mag. & Modern Mink Breeder, New York, 
vol. 33, no. 11, pp. 8-9, 21-24, illus. March, 1950. 

Wixpz, 8. A., C. T. Younepera, anp J. H. Hovinp. Changes in composition of ground 
water, soil fertility, and forest growth produced by the construction and re- 
moval of beaver dams. Jour. Wildlife Management, Menasha, vol. 14, no. 2, pp. 
123-128. April, 1950. 

Woop, Roy. Economic importance of the Arkansas deer herd. Proc. Arkansas Acad. Sci., 
Fayetteville, vol. 2, pp. 65-68. 1947. 

Woo..tey, Georce W. Mammary tumors in mice. Jour. Heredity, Baltimore, vol. 41, no. 
4, p. 96. April, 1950. 

Wricut, Tuomas J. A study of the fox in Rhode Island. Pamphlet Div. Fish & Game, 
Rhode Island Dept. Agr. & Conservation, Providence, no. 3, pp. 21, illus. October, 
1949. 

Yeu, James, AND Davip E. Davis. Seasonal changes in abundance of fleas on rats at 
Baltimore, Md. U. 8. Publ. Health Repts., Washington, vol. 65, no. 10, pp. 337- 
342. March 10, 1950. 

Yerex, G. F. Animals in New Zealand forests. Forest & Bird, Wellington, no. 94, pp. 12- 
13. November, 1949. 

Yosuipa, Masami. Research on methionine in whale. Sci. Reports Whales Research Inst., 
Tokyo, no. 3, pp. 102-105. February, 1950. 

ZABINSKI, JAN. Pedigree book of the European bison. Publ. Internat. Soc. for Protection 
of European Bison, Warsaw, pp. 33-52, pls. 20. January 1, 1949. 

Zetry, Marjorie. How I care for chinchilla mothers. Black Fox Mag. & Modern Mink 
Breeder, New York, vol. 33, no. 12, pp. 8, 15-16, illus. April, 1950. 

ZUCKERMAN, 8. South African fossil anthropoids. Nature, London, vol. 165, no. 4199, p 
652. April 22, 1950. 
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NOTICE OF ANNUAL MEETING 


The THIRTY-FIRST ANNUAL MEETING of the American Society of Mammalogists 
will be held concurrently with the annual meeting of the American Society of 
Ichthyologists and Herpetologists at the Chicago Natural History Museum 
June 27-30, 1951. The directors will meet on the evening of June 27. Regular 
sessions will begin on the morning of June 28. A trip to the Brookfield Zoo is 
planned for June 30. 

If you wish to present a paper, send the title and necessary information to 
Colin C. Sanborn, Chicago Natural History Museum, Chicago 6, Ill., before June 1. 


A NEW MAMMAL GUIDE 


A FIELD GUIDE TO THE MAMMALS, giving field marks of all species found north 
of the Mexican Boundary, is scheduled to appear soon. It will have 24 full-page 
color plates and several black and white illustrations plus distribution maps of 
all the land species. The authors are William Henry Burt and Richard Philip 
Grossenheider, the publisher, Houghton Mifflin Company. 


HAVAHART HUMANE ANIMAL TRAPS 


Live traps for SMALL MAMMALS, as well 
as those formammals as large as a raccoon, 
are now available from the Allcock Manu- 
facturing Company, Ossining, New York. 
HAVAHART traps have been used success- 
fully by many who have been doing live- 
trapping experiments on small mammals. 
A free booklet is yours for the asking. 








Back Numbers of 
JOURNAL OF MAMMALOGY 


a 


A discount of 20 per cent is allowed members in good standing. 


Prices are subject to change without notice; orders will be filled only as ¢ 
are available. 


INDEX TO JOURNAL OF MAMMALOGY 


The index to the first 20 volumes, 1919-1939 inclusive, of this Journal is 
available. Paper cover, $2.50; cloth, $3.50. 


RECENT LITERATURE AND MEMBERSHIP LIS1 
REPRINTS FOR SALE 


1 Reprints of the section on Recent Literature are for sale at 18¢ per 
| or 70¢ per volume. Supply available beginning with Volume 11 abso) 


of above to Donato F. Horrmetsrer, Corresp 
Natural History, University of Illinois, sagan, Bh 
American Society of Mammalogists, Washington, 








Calouli and Other Stones Found in Mammals 

Charles Milton and Joseph M. Azelrod 

Locomotion in Kangaroo Rats and its Adaptive Significance 
George A. Bartholomew, Jr., and Herbert H. Caswell, Jr. 
The External Genitalia of the Pika. Ochotona princeps ‘Kenneth L. Duke 
Seasonal Changes in the Endocrine Organs and Behavior Patterns of the 
Muskrat James R. Beer and Roland K. Meyer 
Bison (Gigantobison) latifrons and Bison (Simobison) alleni in Southeastern 
Tdaho. .... Marie L, Hopkins 
Local Distribution of White-footed Mice, Peromysc us maniculatus and P. 
doylei, in the Northern Sierra Nev ada, California. EF. W. Jameson, Jr. 
Development of the Os Genitale in the Golden Hamster, Mesocricetus 
(Cricetus) auratus. ... -Roberdeau Callery 
A Program for Restoring Extirpated Mammals in the National Park System 


Victor H. Cahalane 
Post Mortem Studies of Some Mammals of the Hollandia Area, Netherlands 


New Guinea .. Donald B. Vogtman and Wm. D. Fitzwater, Jr. 
Genere! Notes 


Sexual Dimorphism in the Pelvic Girdle of Microtus pennsylvanicus 
John E. Guilday 
Aberrant Color Phases of the Cotton Rat, Sigmodon H. B. Sherman 
March Litters of Raccoons (Procyon lotor) in Michigan 
John L. George and Merle Stitt 
Raccoon (Procyon lotor) Mortality in Southern Iowa Robert E. Mangold 
Predation on Shrews by Frogs William H. Marshall 
Bat, Molossus nigricans, Eaten by the Rat Snake, Elaphe laeta..W.B. Davis 
Laboratory Copulations and Gestations of Porcupine, Frethizon dorsatum 
Albert R, Shadle 
Accidental Death of a Percupine William H. Marsholl 
Behaviour of a Newly-born Silver-haired Bat L. T. 8. Norris-Elye 
The Black Bear as a Predator of Man L. T. 8. Norris-Elye 
Additional Incident of Crow Attack on Rabbit Joseph Curtis Moore 
A Specimen of Bachman’s Shrew from Alabama Julian L. Dusi 
Bat Records from the Islands of Grenada and Tobago, British West Indies 
T. 8. Jones 
Recent Records of Wolverines in Idaho W. Leslie Pengelly 
The Least Weasel in New York.... Arthur H. Cook 
Records of the Least Weasel, Mustela rizosa, in South Dakota 
Viola 8. Schantz 
Notes on the Short-tailed Weasel in Utah 
William H. Behle and Richard M. Hansen 
Reports of Cougar in New York Richard H. Manville 
A New Record of Zapus hudsonius in : Missouri and Notes on its Hibernation 
Charles W. Schwartz 
Fossil Bats from the Bahamas. Karl F. Koopman 
Thomomys mpotaee (Richardson) from a Late Ple incre. Deposit in 
Kansas.... ude W. Hibbard 
Bisen crassicornis in the Late Pleistocene of New E Ser: 
Alfred Sherwood Romer 
A Method for Cleaning Skulls of Specimens Preserved in Alcohol 
Luis de la Torre 
A Method for Staining the Scales of Coarse Hairs ..Donald 8. Po-Chedley 
A New Race of Bat (Nycticeitus humeralis) from Southern Florida 


; Albert Schwartz 
A Substitute Name for Petaurista petaurista rufipes Sody 
William P. Harris, Jr. 
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